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REPORT

DAM STABILITY STUDY
BUCKEYE LAKE STATE PARK
DNR 736 730-96-034

1.0 INTRODUCTION

Buckeye Lake is a manmade recreation lake located in Licking, Fairfield, and Perry
Counties, Ohio. The 4.2 mile long Dam impounding the Lake, reportedly constructed
between 1825 and 1832, has a maximum structural height of 15 feet with a crest at
approximately El 895 feet mean sea level (msl). A sheetpile and/or masonry wall extends
along the upstream face of the Dam and, in some reaches of the Dam, the shoreline sheet-
piling was constructed against the upstream face of the old masonry Dam.

The Lake surface area is approximately 2,700 acres at normal pool. A combination drop
spillway and gated outlet works is located near the northeast corner of the Lake. In
addition, a U-shaped concrete gravity weir structure near Sellers Point with a crest length
of 460 feet at El 892.25 feet was constructed in 1992 for normal and flood discharge.

The Dam is considered a Class I Dam by the Ohio Department of Natural Resources
(ODNR) based on the size of the Lake and the probability of loss of life due to failure of
the Dam. This Classification requires the Lake and Dam to accommodate a Probable
Maximum Flood (PMF). The current spillway system is capable of passing a flood
equivalent to 50 percent of the PMF. Consequently, a portion of the full PMF must be
taken in storage in the Lake. Therefore, the crest of the Dam is to be raised to El 896.5 as
part of a Phase III Remediation Plan,

The ODNR has determined that it will be necessary to maintain a temporary water surface
at El 896.5 feet during and subsequent to the PMF as compared to the normal Lake level
at approximately El 891.75 feet. The change in crest level from El 895.0 to El 896.5 and
the PMF Lake level has prompted an investigation of the stability of the Dam.

r1-1-951590/97 I-1 mz



The primary objectives of this investigation by Paul C. Rizzo Associates (PCRA) are to:

e Conduct an independent stability investigation of
Buckeye Lake Dam;

e Review and address the differences in the previous
stability analyses conducted by Dodson-Lindblom
Associates (DLA, 1987) and W.S. Gardner and
Associates (WSGA, 1995); and

e Provide a professional opinion regarding the impact of
the proposed Phase III Remediation Plan on the stability
of the Dam.

The results of this study are an assessment of the pre-(Before) and post-remediation
(After) stability of the Dam under normal and surcharge pool (PMF) loading conditions.

By way of commentary, it should be noted that the Dam has been in place for over 165
years and, generally speaking, the performance has to be rated excellent. While seepage
has been noted at some locations, piping failures have not occurred. Later in the text, we
discuss the potential for piping failures. The stability of the Dam in its current state is
clear as no stability failures of significant magnitude have occurred since an incident in
1832 associated with initial filling. Even this event was probably not a stability failure.

Further to this point, it is our view that the Dam has been “abused” from the perspective
that the downstream toe has been excavated and replaced with house foundations and
large trees have been permitted to grow on the crest and on the downstream slope.
Furthermore, the life of the Dam is such that it is well beyond any condition that might be
construed as significantly affecting pore pressures such as an end-of-construction case or
initial filling case. Hence, the issue is whether adding a few feet of fill to raise the level of
the embankment crest, combined with a postulated Probable Maximum Flood level, will
impact the stability of the Dam or increase the potential for a catastrophic piping failure.

r1-1-951590/97



2.0 FIELD INVESTIGATIONS

A geotechnical field investigation was conducted by our firm to supplement work already
accomplished by DLA. The field efforts involved additional characterization of the soils
comprising the Dam embankment and underlying foundation, collection of representative
soil samples for determination of classification, strength, and permeability in the
laboratory, a determination of the phreatic surface (water level in saturated soils) through
the Dam, and identification of any observable seepage through the Dam. A total of 21
Borings for soil sampling and Piezometer installation were advanced at five cross-section
locations. The 4.2 mile long Dam was also inspected for observable seepage. Details of

these activities are presented below.
2.1 SELECTIONS OF DAM CROSS-SECTION LOCATIONS

The stability analysis discussed herein considered six cross sections through the Dam at
locations identified on Figure 2-1. These include a section analyzed by DLA, STA
63+61.5 (Cross Section 2) and five others ( Sections 1A through 5A) developed from the
field investigation associated with our effort. Detailed computerized stability analyses
have been performed at DLA’s “worst” cross section (Cross Section 2) and all five of our
cross sections. The “worst” section from the DLA work is that associated with their
lowest factor of safety against stability failure. It is noted that the five new cross-sections,
coupled with the four cross-sections, originally analyzed by DLA for a total of nine cross-

sections provide a highly representative view of the condition of the Dam.

The five new cross-section locations studied in our field investigation were selected on the

basis of the following:

e The results of a field reconnaissance to investigate
observable seepage from the Dam;

e Seepage locations reported to ODNR by residents living
along the Dam;

o Data gaps between sections previously investigated by
DLA,; and

¢ Drilling rig access.

r1-2-95-1590/97 2-1



ODNR maintains a log of seepage from the Dam reported to the Buckeye Lake State Park
office. This log was reviewed and considered during selection of the five cross-section

locations.

Following review of ODNR’s reported seepage log and an evaluation of potential drill rig
access based on surface slopes and the locations of existing structures, nine preliminary
cross sections were selected at positions to fill existing data gaps along the Dam. A field
reconnaissance was completed on May 1, 1996 to catalog observable seepage along the
Dam at normal pool conditions and to select the final five cross-section locations. The
Dam was inspected beginning at the west end by walking the entire length to the north,
then walking back to the west end. No obvious seepage was observed during this
reconnaissance. According to Mr. Ed Frank, Buckeye Lake State Park Manager, there
had been no recent reports of seepage by local residents at the time of the field

reconnaissance.

The results of this field reconnaissance, coupled with the age of the Dam and the
laboratory classification of the soils comprising the Embankment Fill, indicate that while
there may be occasional zones of localized seepage, there is no evidence to indicate that
raising the crest a few feet or raising the Lake level to temporarily store a PMF will lead to

a catastrophic piping failure.

Drawings presenting selected cross-section locations, including proposed Boring
locations, were submitted to ODNR for the five primary and four alternate sections.
Three of the five primary sections are located on state-owned property. ODNR'’s
Division of Real Estate and Land Management contacted home owners affected by the
other two sections and obtained the necessary right-of-way waivers for drill rig access.
Waivers were finalized in early July 1996 and drilling began on July 22, 1996.

2.2 DRILLING AND SOIL SAMPLING PROCEDURES
CTL Engineering, Inc. (CTL), Paul C. Rizzo Associates’ selected drilling subcontractor,

mobilized a small, track-mounted Simco drill rig to advance 21 Borings at five cross-

section locations along the Dam. Borings were advanced using wash rotary drilling in
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conjunction with continuous split-barrel sampling in accordance with procedures
prescribed in ASTM D-1586. Specifically, a 3-"/s inch diameter tri-cone roller bit was
used with water as the circulating fluid to advance the Boring. The wash-rotary method
was used to minimize the potential for smearing the soils along the Boring walls, which,
otherwise, could effect the response of Piezometers installed to characterize the phreatic
surface through the Dam. Wash rotary drilling with water only was not successful at five
Boring locations, B2A-1A, B2A-1B, B3A-1B, B3A-2A and B3A-2B, due to caving in the
open Boring. In order to assure representative samples, 4-1/4 inch inside diameter (I.D.)
hollow-stem augers were used for Boring advancement in conjunction with split-barrel

sampling.

The split-barrel sampler was driven 24 inches with a 140-pound hammer dropped from a
height of 30 inches. Split-barrel and undisturbed Shelby Tube samples collected for
laboratory analysis are identified in Table 2-1. An experienced geologist from Paul C.
Rizzo Associates logged all soil samples and prepared samples for shipment to the
laboratory. Following boring and sampling to target depth, Piezometers were installed in
all of the 21 Borings as described in Section 2.4. Completed Boring Logs and Piezometer
Logs are presented in Appendix A.

2.3 GEOTECHNICAL LABORATORY ANALYSES

Disturbed (split-barrel) soil samples were forwarded to the laboratory for the analyses

listed below:

Atterberg limits;
Moisture content;
Sieve analysis;
Hydrometer; and

e ASTM Classification.

A summary of disturbed soil sample laboratory results is presented in Table 2-2 and the
completed geotechnical laboratory results are included in Appendix B.
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Nine undisturbed (Shelby Tube) soil samples were collected for laboratory analyses. Four
samples were submitted for laboratory testing, and the other five have been reserved for
additional testing, if required. The following tests were conducted on undisturbed

samples:

e Three point CU triaxial test with pore pressure
measurements;,

e Falling head permeability; and

o Unit weight with moisture content.

Triaxial tests were carried out to strain levels of approximately 20 percent. Undisturbed
soil sample permeability results are presented in Table 2-3 and the complete geotechnical

laboratory results are included in Appendix B.
2.4 PIEZOMETER INSTALLATION

Sealed Piezometers were installed in all 21 Borings drilled for this investigation at
locations presented on Figures 2-2 thfough 2-11. Typically, Piezometers were installed on
the upstream and downstream margins of the Dam crest and just above the toe of the
downstream slope. At the upstream margin of the Dam crest, shallow and deep nested
Piezometers were installed. Single Piezometers were installed at the other locations.

Piezometers were constructed using 1-foot long Casagrande-type, composite porous-
stone and slotted polyvinyl chloride (PVC) screens. The riser pipe is 1.0-inch L.D. PVC.
The screen and riser pipe are flush threaded with O-ring seals at each joint. Two stainless-
steel centralizers were used to center the Piezometer in the Boring. At those locations
where the Piezometer tip is positioned above the Boring bottom, granular bentonite chips

were used to backfill the lower portion of the Boring.

The filter pack sand consists of coarse sand, Best Sand Grade 430, placed to a level
approximately one foot above the top of the screen. A 2 foot layer of fine sand, Global
No. 7, was placed above the coarse sand and is overlain by a 2 foot layer of bentonite
pellets used to seal the screen. Following hydration of the bentonite seal, the Borings

were tremie grouted to the surface with a cement/bentonite mixture.
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Riser pipes extend to the ground surface and are protected by a 3-foot long by 4-inch
diameter flush mounted locking steel casing. The protective casing was set securely into
the cement/bentonite grout following installation of the Piezometer. Concrete pads, 18-
inches by 18- inches by 3- inches thick, were constructed around the flush mounted

locking steel casings. A PVC cap seals the one inch riser pipe.

Following installation of each Piezometer, the investigation area was returned to its
original condition. Excess Boring cuttings were spread evenly over the surrounding
ground surface and used as fill material for wheel ruts. Additional topsoil was also
brought to the sites. Disturbed ground was then re-seeded with grass and covered with a

protective layer of straw.

Water levels in the Piezometers were recorded on six dates from August to October 1996.
Table 2-4 presents Piezometer water level information. Several of the installed
Piezometers have been dry. As a test to determine if the screens are clogged, the dry
Piezometers were filled with water and then checked approximately ten days later. All of
the Piezometers which were filled with water were dry when checked again, indicating
that screen clogging has not occurred. Furthermore, all of the Piezometers indicated on
Table 2-4 have fluctuated at one time or another during the monitoring period, indicating

that they are functioning as intended.
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3.0 GENERALIZED SUBSURFACE CONDITIONS

3.1 SUBSURFACE CHARACTERISTICS AT CROSS SECTIONS

To characterize the Dam Embankment Fill and the Dam Foundation Till, samples were
collected from Borings at continuous two foot intervals at each cross section. An
experienced geologist described each sample in the field and recorded his observations on
Boring Logs presented in Appendix A. Information recorded on the logs includes:

e Sample depth;

e Grain size;

e Density or consistency (Standard Penetration Test blow
counts and hand penetrometer),

e Moisture content;

o Observed soil structure; and

o Field determined Unified Soil Classification System
(USCS) classification.

Fill soils used for the Dam Embankment Fill were distinguished from natural Dam
Foundation Till as indicated on Boring Logs (Appendix A) and on cross sections (Figures
2-3, 2-5, 2-7 ,2-9, and 2-11).

DLA described the soils comprising the foundation beneath the Dam as follows:

“Generalized geologic bulletins report the Dam site to lie on a
post-glacial swamp. The underlying soils consist of lacustrine
type deposits, silt and clay commonly laminated and interbedded
with sand and sand and gravel layers. These deposits in turn

overlie glacial till.”

Our results, being somewhat more detailed, indicate that the post-glacial swamp deposits
are of limited or intermittent areal extent, found at only two of the five cross sections
(Sections 1A and 3A). Glacial till (generally described by Paul C. Rizzo Associates as
silty clay, trace fine sand and rock fragments) appears to comprise the original ground

r1-3-951590/97 3-1 K)’Q



surface (Foundation Till) beneath most of the Dam with only limited zones of consolidated

organic silty clay.

In the upper elevations, the till is mottled and blocky to subblocky, while in the lower
elevations, the till is occasionally moderately to weakly laminated, but not blocky, and
contains more silt and fine sand, but less angular rock fragments. The gray to dark gray
color of the lower till is the result of an oxygen deficient reducing environment, not

significant organic content.

Distinguishing the Dam Embankment Fill from the Dam Foundation Till is occasionally
complicated because of the observed similarities in the soil grain-size distribution of both
materials, i.e., both materials are generally fine grained and classified as CL in the
laboratory. Typically, fill materials are not as dense as glacial tills. However, the soils
encountered in borings are not characterized by obvious consistency contrasts. At some
borings, both materials are relatively soft and in other areas the consistency of the Fill
ranges from hard to soft. Additional inspection of soil samples was performed in the
office to check field interpretations and to correlate the samples between sections and with

laboratory test results.

Soil characteristics which were used to distinguish glacial till from Embankment Fill soils

include:

e SOIL STRUCTURE
Glacial tills observed at the site typically exhibit a blocky
to subblocky soil structure in the upper elevations,
underlain by a weakly to moderately laminated or
sutured structures. The Fill material typically does not
exhibit any observable soil structure.

¢ PERCENTAGE OF COARSE GRAINED MATERIAL
In some areas, the Embankment Fill material contains
slightly greater percentages of coarse sand and gravel in
comparison to the Foundation Till. Small rock
fragments were found in both fill and glacial till.
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¢ COLOR
Glacial till typically is mottled yellow-brown and gray in
the upper elevations, underlain by an unmottled gray to
dark gray till. The Embankment Fill material is brown
to gray (sometimes dark gray) at some locations.
However, the Embankment Fill material sometimes
appears to consist of brown disturbed till with no
mottling or soil structure. We also note that the grain
size distribution of this material is consistent with that of
the mottled, glacial till.

3.2 DISCUSSION OF LABORATORY AND FIELD CLASSIFICATION OF SOILS

During field drilling operations, our geologist typically opens the 24 inch split barrel
sample and makes a determination by visual inspection of the appropriate soil
classification. The geologist then takes a representative portion of the overall sample and
places it into a jar, then seals and labels it. The jar samples are shipped to a laboratory
where specific jars are opened for testing including grain size analysis, Atterberg Limits
and moisture content. Based on the grain size analysis, supported by the Atterberg Limits,
the selected jar samples are reclassified according to ASTM D-2487. Occasionally, the
laboratory classification is different from the field classification, especially in the case of
silts and clays where it is difficult to assess the clay content with the naked eye.

The reader will note that the field classifications of the soils on the Boring Logs often
describe the Embankment Fill and the Foundation Till as clayey silt or silt, and often as
ML in the USCS system. On the other hand, the laboratory test results indicate that these
same materials are usually “lean clays” or CL materials. The laboratory classification
prevails in all cases. This was later confirmed with the triaxial test results which indicate
the cohesive nature of the soils comprising the Embankment Fill and the Foundation Till.
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33 GENERALIZED PHREATIC SURFACE AND POTENTIOMETRIC HEAD
DISTRIBUTION

Phreatic surface profiles used for the stability model are presented on Sections 1A through
5A (Figures 2-3, 2-5, 2-7, 2-9 and 2-11) prepared for this study. Static water levels from
Piezometers, soil properties, stratigraphy (soil layering), and the effects of the sheetpiling
and masonry walls at the site were considered for preparation of the phreatic surfaces.

In consideration of the fine grained and low permeability characteristics of most of the
Embankment Fill and the Foundation Till, the best model describing ground water flow
beneath the Dam for the stability analysis consists of a single undifferentiated flow zone
(single layer model). Other than the masonry wall and sheetpiling, there are no other
significant hydraulic contrasts impeding ground water flow beneath the Dam.

Water from the Lake flows down and around the bottom of the masonry wall and
sheetpiling. This interpretation assumes that these structures are relatively impermeable.
The interpreted flow path around these structures is based on the significant head loss
from the Lake level to the 1A (shallow) Piezometers at Sections 1A, 3A, 4A, and 5A and
by the upward vertical gradient between the 1A (shallow) and 1B (deep) nested
Piezometers at Sections 1A, 3A, and SA. Sufficient data do not exist to determine the
direction of the vertical gradient at Section 4A because the 1A (shallow) Piezometer is dry
at this location.

The sand layers in the Embankment Fill and Foundation Till are discontinuous at all cross-
section locations. We found no evidence that would indicate that sand layers extend
through the cross section of the Dam at the locations investigated.

3.4 SECTION 1A SUBSURFACE CONDITIONS

Section 1A is located on the West Bank of the Dam as shown on Figures 2-1 and 2-2.
Cross Section 1A is presented on Figure 2-3 and identifies the positions of four B1A-
series Borings advanced for this investigation. Embankment Fill materials along this

section are up to 6.0 feet thick and consist of clayey silt to silty clay, some sand, some
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gravel or rock fragments, and organic matter in places. The Embankment Fill is mostly

stiff to very stiff, but very soft in places.

Organic material observed from 6.0 to 8.0 feet in Borings B1A-1B and B1A-2 may
represent a swampy deposit at the base of the Dam. At Boring B1A-1B the organic
material consistency is very soft; however, at Boring B1A-2 the consistency is stiff to very
stiff.

Glacial till consisting of gray and brown mottled silty clay, soft to very hard, is found
below the Embankment Fill and organic layer. Laminations were observed in the lower
elevations of the till deposits. Two relatively thin, discontinuous sand/sand and gravel
layers were observed at depths of 18.0 to 20.0 feet and 10.0 to 11.5 feet at Borings B1A-
1B and B1A-2, respectively.

The interpreted phreatic surface for Section 1A is shown on Figure 2-3. Static water
levels recorded on October 10, 1996 indicate that the lower two feet of Fill located near
the sheetpiling is saturated and that there is a slight upward vertical gradient at this
position, indicating flow around the bottom of the piling. Moving away (west) from the
piling, the Fill is unsaturated. Piezometer B1A-2 is dry, but is positioned slightly above a
1.5 foot thick sand seam which is described on the Boring Log as wet (water bearing). At
the BIA-3 Piezometer, the static water level in glacial till is at a depth of 4.6 feet below

ground surface.

3.5 SECTION 2A SUBSURFACE CONDITIONS

Section 2A shown on Figure 2-5 is located at the entrance to Mud Island on the West
Bank of the Dam at the position shown on Figures 2-1 and 2-4. The crest of the Dam at
this location is wider than at other cross-section locations. A trailer which serves as an
ODNR office is adjacent the section line. Seepage has been reported during high pool
levels just downslope of Boring B2A-3.

The Embankment Fill at Section 2A reaches a maximum thickness of 6.0 feet and consists
of sandy, clayey, silt, trace to some rock fragments. A lens of sandy silt is found from 4.0
to 6.0 feet at Boring B2A-1B near the sheetpiling.
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The Foundation Till consists of glacial till characterized by sandy clay to clay, trace to
some silt, trace rock fragments and mottled orange-brown to gray in the upper reaches.
The till in the lower elevation of the Boring exhibits a higher silt and fine sand content, is
medium to dark gray, and is weakly to moderately laminated. A two-foot thick sand and
gravel lens is found at a depth of 18.0 to 20.0 feet at Boring B2A-1B. There is no
evidence of a sand or gravel deposit in Boring B2A-3 where seepage reportedly has

occurred.

The phreatic surface profile is presented on Figure 2-5. Potentiometric heads at Section
2A are characterized by a downward vertical gradient between the 1A (shallow) and 1B
(deep) nested Piezometers. This downward gradient is atypical in comparison with the
other sections investigated and is possibly due to a hydraulic connection between the Lake
and the sandy silt lens found in the Fill at a depth of 4.0 to 6.0 feet in Boring B2A-1B.
This could possibly be a leak in the sheetpile wall. Moving to the west along the section
line, potentiometric head elevations are positioned in the glacial till and decline in the

downstream direction.
3.6 SECTION 3A SUBSURFACE CONDITIONS

Section 3A shown on Figure 2-7 is located on the North Bank of the Dam as shown on
Figures 2-1 and 2-6. The Borings were drilled along a state-owned fire lane which ramps
up the downstream side of the Dam. The typical ground surface was surveyed adjacent
the fire lane ramp and is shown on the section as the projected ground surface. A line of
stressed vegetation parallel to the sheetpiling was observable in the field. This was caused
by shallow burial of the masonry wall as confirmed with the drill rig.

In order to investigate the effects of both the masonry wall and the sheetpiling at this
location, an additional deep Piezometer, B3A-2B, was installed downstream of the buried

structure.

Section 3A shows Embankment Fill material extending to depths reaching ten feet. At
Boring MW-3A-1A and 1B, drilled in the area between the sheet piling and masonry wall,
the Fill consists of very stiff gravely silt which overlies loose sand and gravel. This is, in
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turn, underlain by sediments which accumulated upstream of the masonry wall before the
sheetpiling was installed, or sediments which were used as backfill between the two
structures. Downstream (northwest) of the masonry wall, the Embankment Fill consists of

medium stiff to stiff, silty clay, trace to some sand and rock fragments.

The Foundation Till material at this location is interpreted to consist of glacial till found at
depths of 10.0 and 6.0 feet at Borings B3A-2B and B3 A-3, respectively. An organic layer
is logged at depths of 13.0 and 9.0 feet in these two Borings, which, as an alternative
interpretation, may represent the top of the Foundation Till at this section. The organic
layer is two to three feet thick and is generally consolidated, exhibiting consistencies
classified as stiff to very stiff from hand penetrometer measurements. Based on the
measured consistencies and visual observation of samples from this layer, it appears that
there is a relatively low percentage of organic matter in this layer in comparison to the silt
and clay content. Underlying the organic soils are glacial tills consisting of silty clay, trace
of fine sand to sandy clay, mottled brown and gray and becoming faintly laminated with
depth.

As seen on the interpreted phreatic surface for Section 3A on Figure 2-7, a moderate
head drop occurs between the Lake level and the shallow Piezometer, B3A-1A, installed
in the coarse Fill material between the masonry wall and sheetpiling. Upward vertical
gradients are observed at both nested Piezometer pairs at this section location. Both the
lateral head loss and upward vertical gradient suggest that water is flowing beneath the
bottom of the piling. Most of the Fill thickness is unsaturated. At the downstream toe of
the slope (Piezometer B3A-3), the static water level is in the glacial till.

3.7 SECTION 4A SUBSURFACE CONDITIONS

Section 4A shown on Figure 2-9 is located on the North Bank of the Dam as shown on
Figures 2-1 and 2-8. The B4A-series Borings were also drilled along a state-owned fire
lane built on the downstream side of the Dam. The typical ground surface was surveyed
adjacent to the fire lane ramp and is shown on Section 4A as the projected ground surface.

The Embankment Fill materials along this section line have an approximate maximum

thickness of 8.0 feet and consist of silty clay, trace sand and rock fragments, soft to very
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stiff. A two foot thick sand seam was encountered at a depth of approximately 2.5 to 4.5
feet at Boring B4A-1B. This sand seam did not appear to be saturated and is

discontinuous.

The Foundation Till soils at this location consists of glacial till which is silty clay, with a
trace of sand and rock fragments, and soft to stiff. No laminations were observed in the

till material at this location.

Three of the four Piezometers at this section are dry causing the interpretation of the
position of the phreatic surface shown on Figure 2-9 to be somewhat complicated. The
dry Piezometers indicate that the Fill and upper portion of the foundation soils at this
location are unsaturated, which is important information for the stability analysis.
Otherwise, a significant head drop is seen from the Lake level to the Embankment Fill as
indicated by the dry Piezometer at B4A-1A. It is likely that an upward vertical gradient
exists between the 1A (shallow) and 1B (deep) nested Piezometers, indicating flow around

the sheetpiling from below.
3.8 SECTION SA SUBSURFACE CONDITIONS

Section SA shown on Figure 2-11 is located on the North Bank of the Dam as shown on
Figures 2-1 and 2-10. The Embankment Fill materials along this section line have an
approximate maximum thickness of 6.0 feet and consist of silty clay to clayey silt, with a
trace to some sand, a trace of gravel, and very soft to stiff. A four foot thick sand and
gravel deposit was encountered to a depth of approximately four feet at Boring BSA-1B.
This coarse grained deposit does not appear to be saturated and is discontinuous.

The Foundation Till at this location consists of glacial till which is silty clay, trace of sand
and rock fragments, soft to stiff. No laminations were observed in the till material at this
location. A discontinuous silty sand layer in the till unit is found at a depth of

approximately 18.0 to 20.0 feet.

Two of the four Piezometers at this section are dry. However, data from the remaining
two Piezometers are sufficient to substantiate the interpreted phreatic surface position.
The dry Piezometers indicate that the Fill and upper portion of the foundation soils at this
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location are unsaturated, which is important information for the stability analysis. This
section also exhibits a significant head drop from the Lake level to the Fill soils behind the
sheetpiling. An upward vertical gradient exists between the 1A (shallow) and 1B (deep)
nested Piezometer positions, indicating flow around the sheetpiling from below.
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4.0 INTERPRETATION AND ANALYSIS

We have interpreted the data in other reports made available by the ODNR along with the
data obtained in the field and laboratory as part of this investigation. These data have all
been interpreted from the perspective of assessing the stability of the Dam as it exists
today (the “Before” condition) and when Fill is added to the crest and a postulated PMF
condition occurs, (the “After” condition). We have already discussed, in previous
sections, our interpretation of the seepage conditions in the Dam from the perspective of
the potential for piping and the location of the phreatic surface. In this section, we report
our interpretation of the shear strength of the Embankment Fill and the Foundation Till

and the results of our stability analysis.
4.1 SOIL STRENGTH PARAMETERS
4.1.1 General Remarks

Before discussing the details of the interpretation of the geotechnical engineering
conditions of the Dam and the stability analysis, we provide a few general remarks
pertaining to this effort. First, we wish to state that we are concerned with a deep
catastrophic failure of the Dam, the type of failure that would lead to loss of life and
severe property damage. We do not deal with shallow sloughs that are highly dependent
on local surficial soil conditions, vegetation, tree growth, local drainage and contouring

and relatively small excavations.

Secondly, even though our main concern is with deep failure surfaces, we do not confine
the analysis to postulated circular failure surfaces as investigated by DLA and WSGA.

We also deal with non-circular surfaces and/or wedge type failures.

Thirdly, in assessing the shear strength of the Embankment Fill at this particular Dam, we
note that the consistency of the silty clay and clay samples is generally medium stiff to stiff
or very stiff if the Standard Penetration Test (SPT) blow count is used as an indirect
measurement. On the other, hand the pocket penetrometer test, when run at three or four
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- different points on a recovered split barrel sample, suggests consistency descriptors

ranging from soft to stiff for the same sample.

Both tests are crude and not a true indicator of shear strength. The SPT, being conducted
at the bottom of a Boring, yields results associated with a confined environment, an
important consideration where silt-size particles are concerned. On the other hand, the
pocket penetrometer allows one to consider the details of a particular sample. Of course,
the triaxial tests give the best indication of shear strength so long as the samples are not
biased toward the most competent material. We have been careful to avoid such a bias,
but we would also note that this particular Embankment Fill is not layered, and therefore,

relatively thin weak continuous layers are not a consideration at this particular Dam.

Fourthly, in assessing the stability of dams and embankments, the conventional approach
followed by the profession utilizes the Mohr-Coulomb shear strength criterion. This
approach generically defines the shear strength of soil to take the following form:

T=c+c‘tan ¢ (1)

where the 7 is the shear strength, ¢ is the apparent cohesion, ¢¢ is the effective normal
stress acting on a failure surface, and ¢ is the friction angle between soil particles on the
failure surface. For sands, the cohesion is generally zero and the friction angle s, for all
practical purposes, independent of past loading history. On the other hand, for clays, such
as predominate in the Dam Embankment Fill and Foundation Till, the apparent cohesion is
a measurable parameter. Also, for clays, the past loading history will impact on the value
of apparent cohesion and the friction angle, albeit much less for the latter. Thus, when
evaluating the shear strength of a clay, one must consider the present and past state of

loading experienced by the clay.

At Buckeye Lake, the foundation material is a glacial till, implying from the outset that the
foundation material has been loaded by glaciers in geologic history, or over-consolidated
in the jargon of the geotechnical engineer. Interestingly, we have also observed the
behavior of the Embankment Fill under the confining pressure that exist in the
embankment to be similar to an over-consolidated clay, implying that it was well
compacted when placed, a tribute to the builders of the Dam more than 150 years ago.
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The use of the Mohr-Coulomb strength criterion requires particular consideration when

applied to over-consolidated clays. Specifically, one must consider the range of effective
stresses likely to exist on the postulated failure surfaces. It follows that in the laboratory,
one must try to simulate that particular stress state as close as practical. In addition, one
must consider the rate of loading, or said another way, the rate of pore pressure build up

between soil particles on the failure surface.

Finally, the shear strengths estimated by DLA based on their tests and the shear strength
parameters associated with our investigation are consistent and supportive of each other

when all factors are considered.
4.1.2 Laboratory Testing Program

Both the cohesion and angle of internal friction can be determined for a soil by performing
a triaxial shear test in accordance with ASTM Standard Test Method D 4767 -
Consolidated-Undrained Triaxial Compression Test on Cohesive Soils. As previously
discussed, nine Shelby Tube samples were obtained during the field investigation. Three
Samples, B2A-2, B4A-2, and BSA-3, were chosen from the Shelby Tubes for triaxial
shear tests to augment the strength tests performed by DLA in 1987. Sample B2A-2
represents the Embankment Fill material and Samples B4A-2 and BSA-3 represent the
glacial till comprising the Foundation of the Dam. The results of the triaxial shear tests are

presented in Appendix B.

We wish to mention three significant points related to the tests conducted by our firm and
those reported by DLA.

¢ Both sets of tests were consolidated undrained triaxial
tests with pore pressure measurements following ASTM
guidelines.

e Our tests were conducted with a cell pressure in the
range of that expected in the field at or on the
postulated failure surfaces. Previous tests were
conducted at stress states higher than what currently
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4.1.3

The cohesion and angle of internal friction for both the Embankment Fill and the

exists on the failure surfaces in the field. This approach
would suggest lower shear strength than what actually
exists at low effective stresses such as exist at the Dam.
Our analysis takes credit for apparent cohesion, but as a
check, we also consider a pure friction material for the
Embankment Fill.

Failure of the samples tested by our laboratory was
deemed by us to have occurred at a strain level of in the
range of 15 to 20 percent, whereas failure of the
previous samples was deemed to have occurred when
the ratio of the principal stresses reached a maximum,
usually in the range of a few percent strain. For dams,
the profession, including most review agencies, usually
consider strain levels in the range of 15 to 20 percent,
whereas for building foundations, shear strength
defined by the maximum principal stress ratio is more
appropriate.

Both sets of tests were conducted under saturated
conditions by first saturating the sample in the
laboratory. On the other hand, the critical failure
surfaces associated with the stability analysis are
generally above the phreatic surface, suggesting that the
soil elements along the failure surface are unsaturated.
The use of saturated shear strengths for unsaturated
conditions is usually overly conservative.

Interpretation of Strength Parameters for Stability Analysis

Foundation Till were interpreted from a data set that combined the results of our tests and
those of DLA. The DLA tests were reinterpreted to define failure in the range of 15 to 20

percent. This approach allowed for an interpretation of a broad range of test results from

numerous locations along the entire length of the Dam. The Mohr Circles for each

sample, at varying confining pressures, were plotted for both the effective and total

stresses for the Embankment Fill and the Foundation Till (see Figure 4-1). The summary
of the effective and total stress parameters for the Embankment Fill and Foundation Till

are presented on Tables 4-1 and 4-2, respectively.

r1-4-951590/97

P



Several lines, denoted as A, B, C, etc., on Figure 4-1, tangent to and connecting the Mohr
Circles, were drawn to represent several cases of cohesion and the angle of internal
friction for the Embankment Fill and Foundation Till materials. Circles judged to be
outliers or inconsistent with the bulk of the data are reported for completeness. We
considered all the strength data, plus the Standard Penetration Test blow counts, the
pocket penetrometer tests, the Atterberg Limits, the grain size variation and the moisture
content, in arriving at a set of parameters that we judge to conservatively represent the
available shear strength in the Embankment Fill and the Foundation Till, taking into
account the scatter in the data, the presence of soft zones and/or organic pockets and
likely variation across the 4.2 miles of Dam Embankment. An enveloping failure line,
consistent with the Mohr Coulomb theory, chosen to be the most representative of the
Embankment Fill and Foundation Till, was used to determine the cohesion and angle of
internal friction. The effective stress cohesion and angle of internal friction and the total
stress cohesion and angle of internal friction selected for stability analysis are presented on
Table 4-3.

We also make the following observations:

e At the low effective stresses considered to exist along
the postulated failure surfaces, both the Embankment
Fill and the Foundation Till behave as over-consolidated
clays when loaded in shear. We would emphasize that
this type behavior is a function of the relative stress
states. At much higher stress states, such as could be
induced in a laboratory, the Embankment Fill may act as
normally consolidated.

e There is little difference between the effective stress
friction angle and the total stress friction angle, while
there is a major difference in the two cohesion values.
This is consistent with the concept that the friction angle
is more of a material property while cohesion is, to a
very large degree, a manifestation of past loading
history.
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e Based on the analytical results from our investigation,
coupled with the combined analysis previously
discussed, we account for apparent cohesion in our
slope stability analyses. Results of the strength tests,
grain size analyses, Atterberg Limits, and permeability
support the position that the Embankment Fill and the
Foundation Till are clays which exhibit an apparent
cohesion.

o The parameters reported in Table 4-3 for effective
cohesion and effective friction angle are recommended
as being applicable to the stability analysis reported
below. It is noted that on Table 4-3, we also report
values for total stress conditions. Finally, in our stability
analysis, we consider a hypothetical purely friction
Embankment Fill having a friction angle of 39.5 degrees
and without cohesion, a hypothesis to which we do not
subscribe but we report to eliminate controversy.

4.1.4 Loading Cases for Slope Stability Analysis

To assess the slope stability of the Dam, we considered the cases listed on Tables 4-4 and
4-5. It is noted that we performed “Before” and “After” analysis at five sections plus four
additional cases (earthquake and downstream flooding “Before” and “After”) at the
section with the lowest factor of safety under static, non-downstream flooding conditions.
At this same section with the lowest factor of safety, we also analyzed the stability of the
Embankment Fill with a structure constructed within the downstream slope. We
considered “Before” and “After” situations as well as an earthquake and downstream
flooding. Finally, we modeled Section 2 from the DLA study using our strength

parameters. The total number of cases considered is 48.

4.2 SLOPE STABILITY ANALYSES
Using the geologic cross sections and the soil strength parameters previously presented,

slope stability models were developed for the various cross sections utilizing the
University of Texas Analysis of Slopes - Version 3 (UTEXAS3) software program. This
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- section provides discussions of the following:

e Slope Stability Model Development;
e Seepage Evaluation; and
e Performance of the Slope Stability Analysis.

4.2.1 Slope Stability Model Development

Slope stability models were developed using the UTEXAS3 software program.
UTEXAS3 was developed by Stephen G. Wright in May 1990 with subsequent revisions
in July 1991 and September 1991. The program calculates a factor of safety using the

most commonly accepted equation for slope stability analysis:
F=s/t (2)

where F is the factor of safety against catastrophic stability failure, s is the shear strength
along the postulated failure surface available to prevent failure of the soil (often called the
resisting force), and T is the shear stress tending to cause failure, often called the driving

force.

The factor of safety can be calculated using either postulated circular or noncircular failure
surfaces. The failure surfaces can be specified as single, individual surfaces, or one can
specify an automatic search to produce the most critical shear surface with the minimum
factor of safety. The slope geometry and soil profiles are input to represent the various
layers (soil types), as well as soil properties (unit weight, cohesion, angle of internal
friction), and the phreatic surface. External loads, both point (concentrated) and surface
(distributed) forces, can be utilized to represent stockpiled materials, vehicles, and,

supported foundations.

Preliminary slope stability models were developed for each of the five cross sections (see
Figures 2-3, 2-5, 2-7, 2-9, and 2-11). From these preliminary models, the cross section
exhibiting the lowest factor of safety was used to develop more enhanced stability
analyses. In addition, slope stability models of Section 2 from the DLA study, which
produced their lowest factor of safety, were developed as a sensitivity analysis for the
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UTEXAS3 software program. A detailed discussion of the performance of the slope
stability analyses and the results of the stability analyses are presented in Section 4.2.3.

4.2.2 Seepage Evaluation

Piezometers were installed in the Dam Embankment Fill at locations shown on the cross
sections (see Figures 2-3, 2-5, 2-7, 2-9, and 2-11), and as discussed in Section 3.1.
Water level readings were taken from the Piezometers at various times and are compiled
in Table 3-4. The water level readings were used to construct the phreatic surface through

the Dam Embankment for the normal Lake level.

The hydraulic conductivity (permeability, k) of the Embankment Fill and Foundation Till
was analyzed for four representative samples. The permeability expresses the ease with
which water passes through a soil. The results of the permeability analyses (Table 2-3)
indicate that both the Embankment Fill and the Foundation Till exhibit very low

~ permeabilities, 6.5 x 10 7 cmi/sec for the Embankment Fill and 3.7 x 10 ® cm/sec to 7.7 x
10 ® cm/sec for the Foundation Till. These permeability values are indicative of nearly

impervious silts and clays.

Results of water level readings from the Piezometers indicate a predominate deep phreatic
surface residing within the Foundation Till and occasionally reaching into the
Embankment Fill at isolated areas. Based on the nature of the Embankment Fill and
Foundation Till materials, very little increase in the height of the phreatic surface is
expected when the Lake is surcharged by the PMF storm event.

We estimate that if the un-discharged volume of runoff produced by the PMF storm event
were allowed to pool behind the Dam Embankment Fill for a period of up to two weeks
prior to discharge, the change in the phreatic surface would be between one foot and three
feet, depending on local conditions and antecedent conditions. This estimate considers
the highest permeability value measured in the laboratory and the level changes in the
Piezometers associated with Lake level fluctuations during the limited time period of our
field investigation. This scenario of allowing the PMF storm event to pool behind the
Dam for a long period of time will not actually be realized, as the runoff will be released

from the Dam spillways during and immediately after the storm event.
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4.2.3 Performance of the Slope Stability Analysis

Slope stability analysis of the Dam was performed for various loading conditions and soil
strength parameters to provide a comprehensive evaluation of the Embankment Fill and
Foundation Till . A summary of the loading conditions and soil strength parameters is
presented in Tables 4-4 and 4-5. The resulting factor of safety calculated under each load
condition and soil strength is also presented in Tables 4-4 and 4-5. The following
narrative presents a discussion of the UTEXAS3 software sensitivity analysis, and
descriptions of the load conditions and soil strength parameters with corresponding slope

stability analysis results.

4.2.3.1 UTEXAS3 Sensitivity Analysis

Slope stability analyses were performed for Section 2, identified in the DLA Study as the
“worst” section, utilizing the UTEXAS3 software. This was accomplished by creating an
input file, compatible with the UTEXAS3 software, that modeled the DLA Section 2 for
both the “Before” and “After” scenarios, and comparing the results determined by the
UTEXASS3 software.

The DLA failure surfaces determined to be the most critical (lowest factor of safety) and
the soil strength parameters were input to serve as a “check” of the UTEXAS3 software.
For the “Before” case, DLA reported a factor of safety of 1.35, and the UTEXAS3
software calculated a factor of safety of 1.49. The “After” case had a factor of safety of
1.10 for DLA and 1.03 for UTEXAS3. The similarity in the results provides a reasonable
surety that the UTEXAS3 software analyses stability in a manner analyses comparable to
the DLA software.

4.2.3.2 Stability Analyses for this Investigation

Five Sections, 1A, 2A, 3A, 4A, and SA, were modeled for slope stability analyses using
the UTEXAS3 software. Each section was subjected to two load conditions (“Before”
and “After”) using three distinct soil strength parameter conditions for a total of six
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individual, general cases for each section (see Table 4-4). The general cases modeled for

each of the five cross sections can be described as follows:

r1-4-951590/97

Case 1-B: This is a “Before” case where the Lake is at
normal pool (El 892.25 ft.), the phreatic surface is as
measured in the field in 1996, the effective stress soil
strength parameters are assumed for both the
Embankment Fill and Foundation Till, and no tailwater
is present at the downstream toe of the Dam.

Case 2-B: This is a “Before” case where the Lake is at
normal pool, the phreatic surface is as measured in the
field in 1996, the total stress soil strength parameters are
assumed for both the Embankment Fill and Foundation
Till, and no tailwater is present at the downstream toe of
the Dam.

Case 3-B: This is a “Before” case where the Lake is at
normal pool, the phreatic surface is as measured in the
field in 1996, total stress soil strength parameters are
assumed for the Foundation Till and a cohesionless (C =
0.0 tsf; ¢ = 39.5°) material is assumed for the
Embankment Fill, and no tailwater is present at the
downstream toe of the Dam.

Case 1-A: This is an “After’ case where the
Embankment and Lake level are raised to the PMF level
(897.0 ft.), the phreatic surface is raised to account for
the PMF, the effective stress soil strength parameters
are assumed for both the Embankment Fill and
Foundation Till, and no tailwater is present at the
downstream toe of the Dam.

Case 2-A: This is an ”After” case where the
Embankment and Lake level are raised to the PMF level
(897.0 ft.), the phreatic surface is raised to account for
the PMF, the total stress soil strength parameters are
assumed for both the Embankment Fill and Foundation
Till, and no tailwater is present at the downstream toe of
the Dam.



Case 3-A: This is an “After” case where the
Embankment Fill and Lake level are raised to the PMF
level (897.0 ft.), the phreatic surface is raised to account
for the PMF, the total stress soil strength parameters are
assumed for the Foundation Till and a cohesionless (C =
0.0 tsf; ¢ = 39.5°) material is assumed for the
Embankment Fill, and no tailwater is present at the
downstream toe of the Dam.

Upon reviewing the results of the slope stability analyses, the following additional load
condition and soil strength parameter cases (see Table 4-4) were analyzed for the
particular section determined to exhibit the most critical failure surface (lowest factor of

safety):
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Case 4-B: This is a “Before” case where the Lake is at
normal pool, the phreatic surface is as measured in the
field in 1996, the total stress soil strength parameters are
assumed for both the Embankment Fill and Foundation
Till, the occurrence of an earthquake with a peak
horizontal ground acceleration of 0.10g, and no
tailwater is present at the downstream toe of the Dam.

Case 5-B: This is a “Before” case where the Lake is at
normal pool, the phreatic surface is as measured in the
field in 1996, the effective stress soil strength
parameters are assumed for both the Embankment Fill
and the Foundation Till, and the tailwater is present at
El 890.0 ft. at the downstream toe of the Dam. This
case would be associated with downstream flooding
during a major storm event.

Case 4-A: This is an “After” case where the
Embankment and Lake level are raised to the PMF
level, the phreatic surface is raised to account for the
PMF, the total stress soil strength parameters are
assumed for both the Embankment Fill and the
Foundation Till, the occurrence of an earthquake with a
peak horizontal acceleration of 0.10g, and no tailwater
is present at the downstream toe of the Dam.
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Case 5-A: This is an “After” case where the
Embankment and Lake level are raised to the PMF
level, the phreatic surface is raised to account for the
PMF, the effective stress soil strength parameters are
assumed for both the Embankment Fill and the
Foundation Till, and tailwater is present at El 890.0 ft.
at the downstream toe of the Dam.

Case 6-B: This is a “Before” case where the Lake is at
normal pool (El 892.25 ft.), a structure is modeled into
the downstream slope, the phreatic surface is as
measured in the field in 1996, the effective stress soil
strength parameters are assumed for both the
Embankment Fill and Foundation Till, and no tailwater
is present at the downstream toe of the Dam.

Case 7-B: This is a “Before” case where the Lake is at
normal pool, a structure is modeled into the downstream
slope, the phreatic surface is as measured in the field in
1996, the total stress soil strength parameters are
assumed for both the Embankment Fill and Foundation
Till, and no tailwater is present at the downstream toe of
the Dam.

Case 8-B: This is a “Before” case where the Lake is at
normal pool, a structure is modeled into the downstream
slope, the phreatic surface is as measured in the field in
1996, total stress soil strength parameters are assumed
for the Foundation Till and a cohesionless (C = 0.0 tsf; ¢
= 39.5°) material is assumed for the Embankment Fill,
and no tailwater is present at the downstream toe of the
Dam.

Case 9-B: This is a “Before” case where the Lake is at
normal pool, a structure is modeled into the downstream
slope, the phreatic surface is as measured in the field in
1996, the total stress soil strength parameters are
assumed for both the Embankment Fill and Foundation
Till, the occurrence of an earthquake with a peak
horizontal ground acceleration of 0.10g, and no
tailwater is present at the downstream toe of the Dam.
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Case 10-B: This is a “Before” case where the Lake is at
normal pool, a structure is modeled into the downstream
slope, the phreatic surface is as measured in the field in
1996, the effective stress soil strength parameters are
assumed for both the Embankment Fill and the
Foundation Till, and the tailwater present is at El 890.0
ft. at the downstream toe of the Dam. This case would
be associated with downstream flooding during a major
storm event.

Case 6-A: This is an “After’ case where the
Embankment Fill and Lake level are raised to the PMF
level (897.0 ft.), a structure is modeled into the
downstream slope, the phreatic surface is raised to
account for the PMF, the effective stress soil strength
parameters are assumed for both the Embankment Fill
and Foundation Till, and no tailwater is present at the
downstream toe of the Dam.

Case 7-A: This is an ”After” case where the
Embankment and Lake level are raised to the PMF level
(897.0 f.), a structure is modeled into the downstream
slope, the phreatic surface is raised to account for the
PMTF, the total stress soil strength parameters are
assumed for both the Embankment Fill and Foundation
Till, and no tailwater is present at the downstream toe of
the Dam.

Case 8-A: This is an “After” case where the
Embankment and Lake level are raised to the PMF level
(897.0 ft.), a structure is modeled into the downstream
slope, the phreatic surface is raised to account for the
PMF, the total stress soil strength parameters are
assumed for the Foundation Till and a cohesionless (C =
0.0 tsf;, ¢ = 39.5°) material is assumed for the
Embankment Fill, and no is tailwater present at the
downstream toe of the Dam.

Case 9-A: This is an “After” case where the
Embankment and Lake level are raised to the PMF level,
a structure is modeled into the downstream slope, the
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phreatic surface is raised to account for the PMF, the
total stress soil strength parameters are assumed for
both the Embankment Fill and the Foundation Till, the
occurrence of an earthquake with a peak horizontal
acceleration of 0.10g, and no tailwater is present at the
downstream toe of the Dam.

e Case 10-A: This is an “After” case where the
Embankment and Lake level are raised to the PMF
level, a structure is modeled into the downstream slope,
the phreatic surface is raised to account for the PMF,
the effective stress soil strength parameters are assumed
for both the Embankment Fill and the Foundation Till,
and tailwater is present at El 890.0 ft. at the
downstream toe of the Dam.

The slope stability analysis results for each of the five cross sections is discussed in the

following sections:

4.2.3.3 Section 1A Slope Stability Analysis

The slope stability analysis results for Section 1A indicate a factor of safety of 5.23 for the
“Before” effective stress case, and 5.28 for the “Before” total stress case. These factors
of safety are well above the accepted factor of safety of 1.5 for the static evaluation of
dam stability. Case 3-B indicates a factor of safety of 3.78 for cohesionless Embankment
Fill. This “zero” cohesion condition in the Embankment Fill even produces a factor of

safety that is well above the accepted 1.5 for static evaluations.

The results of the “After” scenario (4.55, effective and 4.60, total) produce factors of
safety that are less than the “Before” scenario, but these factors of safety are still well
above the accepted 1.5 for static evaluations. The decrease in the factor of safety for the
“After” scenario is to expected due to the presence of the additional fill on the
Embankment.

The increase in the factor of safety for the cohesionless Embankment from 3.78 to 3.94
was investigated and found to be the result of slightly higher shear strength on the
uppermost part of the failure surface associated with the increased effective stresses. As
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noted elsewhere, we do not subscribe to the concept of a cohesionless Embankment Fill
material, but we report the results to eliminate controversial discussions and “what if”
questions. Indeed, one would not add fill to the heel of an embankment to make it safer
and, therefore, these results for this specific case, while generated by a detailed computer
analysis, should not be taken as a general notion that a dam is generally safer from a slope

stability perspective with the increased crest level.

It is important to note that the increase in the height of the phreatic surface does not have
a significant effect on the factor of safety. This behavior is verified by no significant
decrease in the value of the factor of safety when performing the slope stability analysis
with the Embankment at the normal (“Before™) pool level and the raised phreatic surface.
This condition was observed for each of the five cross sections evaluated and is to be
expected because the failure surfaces generally do not penetrate below the raised phreatic
surface. In those cases where it does penetrate below the phreatic surface, the depth of
penetration is small and only a short section of the failure surface is submerged.

When compared to the slope stability analysis results of the other four cross sections,
Section 1A is not the critical section and therefore, no additional cases were performed for
Section 1A. The failure surfaces associated with the lowest factors of safety calculated for

Section 1A are presented on Figures 4-2 and 4-3.

4.2.3.4 Section 2A Slope Stability Analysis

The slope stability analysis results for Section 2A indicate a factor of safety of 4.83 for the
“Before” effective stress case, and 4.90 for the “Before” total stress case. These factors
of safety are well above the accepted factor of safety of 1.5 for the static evaluation of
dam stability. Case 3-B indicates a factor of safety of 3.01 for cohesionless Embankment
Fill. This “zero” cohesion condition in the Embankment Fill even produces a factor of

safety that is well above the accepted 1.5 for static evaluations.

The results of the “After” scenario (4.02, effective stress and 4.07, total stress) produce
factors of safety that are less than the “Before” scenario, but these factors of safety are
still well above the accepted 1.5 for static evaluations. The decrease in the factor of safety
for the “After” scenario is to be expected due to the presence of the additional fill on the
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Embankment . At this Section, the factor of safety for the cohesionless embankment
decreased slightly from 3.01 to 2.94.

When compared to the slope stability analysis results of the other four cross sections,
Section 2A is not the critical section and therefore, no additional cases were performed for
Section 2A. The failure surfaces associated with the lowest factors of safety calculated for

Section 2A are presented on Figures 4-4 and 4-5.

4.2.3.5 Section 3A Slope Stability Analysis

The slope stability analysis results for Section 3A indicate a factor of safety of 3.09 for the
“Before” effective stress case, and 3.11 for the “Before” total stress case. These factors
of safety are well above the accepted factor of safety of 1.5 for the static evaluation of
dam stability. Case 3-B indicates a factor of safety of 2.91 for cohesionless Embankment
Fill. This “zero” cohesion condition in the Embankment Fill even produces a factor of

safety that is well above the accepted 1.5 for static evaluations.

The results of the “After” scenario (2.45, effective stress and 2.48, total stress) produce
factors of safety that are less than the “Before” scenario, but these factors of safety are
still well above the accepted 1.5 for static evaluations. The decrease in the factor of safety
for the “After” scenario is to be expected due to the presence of the additional fill on the
Embankment. The failure surfaces associated with the lowest factors of safety calculated
for Section 3 A are presented on Figures 4-6 and 4-7. At this section, the factor of safety
for the cohesionless Embankment decreased from 2.91 to 2.71 as the crest level was

raised.

When compared to the slope stability analysis results of the other four cross sections,
Section 3A was determined to be the critical section. Four additional loading conditions
and corresponding soil strength parameters were analyzed for Section 3A. These
additional analyses included, for both the “Before” and “After” cases, an earthquake
evaluation and the presence of tailwater at the downstream toe of the Embankment.

The earthquake evaluation was performed by initiating a horizontal acceleration of 0.10g
in addition to the normal vertical loads and stresses utilized in the software. The results of
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* the earthquake evaluation for the “Before” case indicate a factor of safety of 2.27, and a
factor of safety of 1.89 for the “After” case. The factor of safety for the “After” case is
lower than the factor of safety for the “Before” case which is to be expected, once again,
due to the increased Embankment Fill. The factor of safety for both cases is above the
accepted factor of safety for earthquake evaluation of 1.0. The failure surfaces associated
with the earthquake evaluation for Section 3A are presented on Figure 4-12.

The tailwater evaluation was performed by simulating the presence of water at El 890.0 fi.
at the downstream toe of the Embankment associated with flows of nearby streams or
creeks. The results of the tailwater evaluation for the “Before” case indicate a factor of
safety of 3.77 and a factor of safety of 2.86 for the “After” case. Once again, as expected,
the factor of safety for the “After” case was lower than the factor of safety for the

“Before” case.

We note that the factor of safety for both the “Before” and “After” cases is slightly higher
than the factor of safety for each case without the presence of tailwater at the downstream
toe of the embankment. Due to the low permeabilities observed for both the Embankment
Fill and Foundation Till, the tailwater would have little, if any effect on the height of the
phreatic surface unless the tailwater remained in place for an exceptionally long period of
time. The tailwater level will diminish as the downstream flooding conditions are
corrected, and therefore, would not be present at the toe of the embankment for periods of
time sufficient to influence the phreatic surface, the factor of safety against stability failure.
Consequently, the tailwater, not being hydraulically connected to the phreatic surface, acts
as a temporary weight at the toe, much like an earthen berm. We would emphasize that
the presence of tailwater at the downstream toe of the Embankment would eventually
diminish the integrity of the Dam and efforts through local agencies should be made to
control flooding conditions downstream of the Dam to minimize or eliminate, if possible,
this situation. The failure surfaces associated with the tailwater evaluation for Section 3A

are presented on Figure 4-13.
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4.2.3.6 Section 3A with Structure on Downstream Slope-Stability
Analysis

Major segments of the Dam have been “abused” with the placement of structures within
the downstream slope. More specifically, property owners have excavated the
downstream slope from the toe to the downstream edge of the crest and replaced the
Embankment Fill with a basement foundation. The basement floors are generally concrete
and the basement walls are either concrete masonry units or reinforced concrete. No

records of design, construction, and/or construction quality assurance are available.

We assessed the stability of this configuration by replacing the excavated earth with a solid
block to simulate the emplaced structure. The interface between the block and the
foundation is interpreted to have a friction angle of 39.5° and the weight of the block is
equivalent to the weight of a two story home. The one story basement wall on the Dam
side of the basement is capable of withstanding the current at rest soil conditions. For the
sliding cases, both static and dynamic, we interpret the pressures to be active plus a

dynamic component to be about equal to the existing at-rest pressures.

Consequently, our analyses assume that the emplaced basement is consistent with
conventional housing design and construction practice. The professional’s experience
indicates that basement walls rarely fail during earthquake loading and then only under
high magnitude events. Hence, it is our view that generally speaking, the basement walls
will not fail under earthquake and that breach of the Dam caused by the failure of a

basement wall is highly unlikely.

We assessed the margin of safety against catastrophic failure of the foundation of the
emplaced house/Dam system with an analysis of Section 3A by considering a structure
emplaced in the downstream slope of the Dam at this “worst” cross section. Our results
indicate a factor of safety of 3.09 for the “Before” effective stress case, and 3.11 for the
“Before” total stress case. These factors of safety are well above the accepted factor of
safety of 1.5 for the static evaluation of dam stability. Case 3-B indicates a factor of
safety of 2.91 for cohesionless Embankment Fill. This “zero” cohesion condition in the
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Embankment Fill even produces a factor of safety that is well above the accepted 1.5 for

static evaluations.

The results of the “After” scenario (2.45, effective stress and 2.48, total stress) indicate
factors of safety that are less than the “Before” scenario, but these factors of safety are
still well above the accepted 1.5 for static evaluations. The decrease in the factor of safety
for the “After” scenario is to be expected due to the presence of the additional fill on the
embankment. The failure surfaces associated with the lowest factors of safety calculated
for Section 3A with an emplaced structure are presented on Figures 4-6 and 4-7. At this
section, the factor of safety for the cohesionless embankment decreased from 2.91 to 2.71

as the crest level was raised.

Four additional loading conditions and corresponding soil strength parameters were
analyzed for Section 3A with the structure emplaced in the downstream slope. These
additional analyses included, for both the “Before” and “After” cases, an earthquake
evaluation and the presence of tailwater at the downstream toe of the embankment.

The earthquake evaluation was performed by initiating a horizontal acceleration of 0.10g
in addition to the normal vertical loads and stresses utilized in the software. The results of
the earthquake evaluation for the “Before” case indicate a factor of safety of 2.27, and a
factor of safety of 1.89 for the “After” case. The factor of safety for the “After” case is
lower than the factor of safety for the “Before” case which was expected once again due
to the increased Embankment Fill. The factor of safety for both cases is above the
accepted factor of safety for earthquake evaluation of 1.0. The failure surfaces associated
with the earthquake evaluation for Section 3A with a structure emplaced in the

downstream slope are presented on Figure 4-12.

The tailwater evaluation was performed by simulating the presence of water at El 890.0 ft.
at the downstream toe of the embankment associated with flows of nearby streams or
creeks. The results of the tailwater evaluation for the “Before” case indicates a factor of
safety of 3.77 and a factor of safety of 2.80 for the “After” case. Once again, as generally
expected, the factor of safety for the “After” case was lower than the factor of safety for

the “Before” case.
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We note that the factor of safety for both the “Before” and “After” cases are slightly
higher than the factor of safety for each case without the presence of tailwater at the
downstream toe of the embankment. Due to the low permeabilities observed for both the
Embankment Fill and Foundation Till, the tailwater would have little, if any effect on the
height of the phreatic surface unless the tailwater remained in place for an exceptionally
long period of time. The tailwater level diminishes as the downstream flooding conditions
are corrected, and therefore, would not be present at the toe of the embankment for
periods of time sufficient to influence the phreatic surface, and the factor of safety.
Consequently, the tailwater, not being hydraulically connected to phreatic surface, acts as
a temporary weight at the toe, much like an earthen berm. We would emphasize that the
presence of tailwater at the downstream toe of the Embankment would eventually diminish
the integrity of the Dam and therefore, efforts through local agencies should be made to
control flooding conditions downstream of the Dam to minimize or eliminate, if possible,
this situation from occurring. The failure surfaces associated with the tailwater evaluation
for Section 3A with an emplaced structure are presented on Figure 4-17.

4.2.3.7 Section 4A Slope Stability Analysis

The slope stability analysis results for Section 4A indicate a factor of safety of 3.56 for the
“Before” effective stress case, and 3.65 for the “Before” total stress case. These factors
of safety are well above the accepted factor of safety of 1.5 for the static evaluation of
dam stability. Case 3-B indicates a factor of safety of 3.00 for cohesionless Embankment
Fill. This “zero” cohesion condition in the Embankment Fill even produces a factor of

safety that is well above the accepted 1.5 for static evaluations.

The results of the “After” scenario (2.41, effective stress and 2.46, total stress) produce
factors of safety that are less than the “Before” scenario, but these factors of safety are
still well above the accepted 1.5 for static evaluations. The decrease in the factor of safety
for the “After” scenario is to be expected due to the presence of the additional fill on the
embankment. At this section we note that the factor of safety increased slightly for the
cohesionless Embankment (from 3.00 to 3.05) as a result of a slight increase in the shear
strength associated with slightly higher effective stresses. We refer to our discussion of

Section 1A, where this also occurred.
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When compared to the slope stability analysis results of the other four cross sections,
Section 4A is not the critical section. No additional cases were performed for Section 4A.
The failure surfaces associated with the lowest factors of safety calculated for Section 4A

are presented on Figures 4-8 and 4-9.

4.2.3.8 Section SA Slope Stability Analysis

The slope stability analysis results for Section SA indicates a factor of safety of 7.17 for
the “Before” effective stress case, and 7.23 for the “Before” total stress case. These
factors of safety are well above the accepted factor of safety of 1.5 for the static
evaluation of dam stability. Case 3-B indicates a factor of safety of 4.09 for cohesionless
Embankment Fill. This “zero” cohesion condition in the Embankment Fill even produces a
factor of safety that is well above the accepted 1.5 for static evaluations.

The results of the “After” scenario (4.43, effective stress and 4.47, total stress) produce
factors of safety that are less than the “Before” scenario, but these factors of safety are
still well above the accepted 1.5 for static evaluations. The decrease in the factor of safety
for the “After” scenario is to be expected due to the presence of the additional fill on the
embankment. At this section, the factor of safety decreased from 4.09 to 2.66 for the
cohesionless Embankment as the crest level was raised.

When compared to the slope stability analysis results of the other four cross sections,
Section 5A is not the critical section. No additional cases were performed for Section 5A.
The failure surfaces associated with the lowest factors of safety calculated for Section SA

are presented on Figures 4-10 and 4-11.

4.2.3.9 Dodson-Lindblom Associates Stability Analysis

Dodson-Lindblom Associates utilized drained strength parameters with no apparent
cohesion for the Embankment Fill and Foundation Till when performing their stability
analvsis of Section 2 in the 1987 study. As previously discussed, our findings indicate that
the Embankment Fill and Foundation Till soils exhibit apparent cohesion at relatively low
overburden stress levels based on the results of the triaxial tests, and evaluation of the
Mobhr Circles. Using the model of DLA’s Section 2 from the sensitivity analysis, we
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performed the slope stability of Section 2 using the values for cohesion and the angle of
" internal friction developed for our stability analyses.

Using the model of DLA’s Section 2, including their location of the phreatic surface, and
our strength parameters for the Embankment Fill and Foundation Till, the stability analysis
was performed for both the “Before” and “After” loading conditions. Factors of safety of
11.6 and 10.86 for effective stress and total stress, respectively, were obtained for the
“Before” load conditions. For the “After” load condition, factors of safety of 5.85 and
5.58 for effective stress and total stress, respectively, were obtained. Once again, this
correlates with lower factors of safety for the “After” case due to the increased
Embankment Fill. On the other hand, it would appear that the DLA failure surfaces are

probably not the worst cases when our recommended strength parameters are used.

It is important to note that the height of the phreatic surface used in the DLA model of
Section 2 is substantially higher than the phreatic surface used in our models. The phreatic
surface modeled for the “After” load condition has contact points with the Lake and the
tailwater at the downstream toe of the embankment. This location of the phreatic surface
dramatically influences the difference in the values of the factor of safety between the

“Before” and “After” load conditions.

In addition to the previous load conditions, we modeled the Embankment Fill as a
cohesionless material (C = 0.0 tsf, ¢ = 39.5°). The analysis indicates factors of safety of
11.2 and 4.99 for the “Before” and “After” cases, respectively. These results indicate that
even with cohesionless Embankment Fill, the Dam is stable at DLA’s Section 2 for both

the “Before” and “After” cases.
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5.0 EVALUATION OF DAM SAFETY ISSUES

This Section deals with three primary issues related to the long term safety of Buckeye
Lake Dam. While these issues have an indirect impact on stability, more importantly, they
have a direct impact on piping, overtopping and/or the behavior of the new and existing
retaining walls. Hence, there is a need to address these issues during and subsequent to

Phase III remediation.
5.1 TREES AND LANDSCAPING ON THE DAM CREST

The crest of the Dam has been “abused” by allowing trees, some having diameters in
excess of 30 inches, to grow on the crest and downstream slope. Trees have a direct
impact on dam safety from the perspective that root structure provides pathways for
piping to develop and overturned trees can cause large voids to develop, leading to
overtopping during rain events with high pool levels. Consequently, we have the
following recommendations pertaining to trees, landscaping, and hardscaping.

s All trees and stumps, regardless of diameter, that are rooted in the crest or in the
downstream slope should be removed. Stumps should be removed and roots
should be “chased” to a point where the diameter is less than two inches and
removed. Root grindings and cuttings should be removed from the stump
excavation to the maximum degree practical. The stump excavation should be
backfilled with clay compacted to 95 percent of the maximum dry density as
determined by the Standard Proctor Method and within two percent of the
optimum moisture content on the wet side.

2. Small diameter trees having a maximum diameter on the order of two (2) inches
measured at a height of 54 inches can be placed and maintained in planters that do
not allow roots to penetrate into the Dam crest or downstream slope. Plantings on
the crest and downstream slope should be limited to grass and small flowers.
Shrubbery and small bushes and trees should be prohibited.

3. A ten foot wide clear buffer zone on the upstream side of the crest and parallel to
the sheet pile wall should be cleared and maintained free of all hardscaping except
for the following permissible materials:

0 Un-cemented stone chips 0 Concrete pavers (less than 2’ by 2°)
0 Grass and flowers 0 Wood mulch
0 Sand and gravel 0 Landscape timbers

r1-5-951590/975-1 5-1

P



Wood decks, concrete paving, brick paving, and asphalt paving are not permissible

materials in the buffer zone.

All utility conduits set in the buffer zone should be encased in concrete. All water
spouting should be constructed to drain to the downstream side of the Dam in such a
manner that erosion does not occur. No penetrations or attachments to the new or
existing wall should be allowed. All existing attachments to the existing wall should be

removed and all penetrations should be sealed.
5.2 BOAT DOCKS

We have observed a large number of boat docks on the upstream side of the Dam. Some
of these are on piles and others are of cantilever construction. In addition, we noticed that
some docks are of suspended cantilever design with one end of the dock attached to the
existing sheetpile wall. Also, we observed a boat house, lifting davits and various types of
boat lifts either partially supported by the existing wall or supported on foundations
embedded in the crest of the Dam. We believe that none of these features was
contemplated in the original design of the existing wall or Dam. As these features are a
potential threat to dam safety, most should be removed and replaced with designs that are
not a threat to dam safety. In addition, new and/or replacement boat docks will hinder the
ability to effectively and economically perform future inspections, routine maintenance and
repairs to the new sheetpile wall and Dam. We have the following specific comments

regarding docking systems:
5.2.1 Pile-Supported Docks

Pile Supported Docks are acceptable so long as they do not attach to the existing or new
sheetpile wall and no piles are driven into the Dam. Stairs or ramps leading between the
dock and the crest should not be attached to or penetrate through the sheetpile wall. Pile-
Supported Docks should be by permit only as issued by the ODNR.
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5.2.2 Floating Docks

Floating Docks are acceptable so long as they do not attach to the existing or new
sheetpile wall. Stairs or ramps leading between the dock and the crest should not be
attached to or penetrate through the sheetpile wall. Floating Docks should be by permit
only as issued by the ODNR.

5.2.3 Lifting Davits

Lifting Davits with foundations embedded in the crest should be prohibited. Temporary
lifting Davits installed offshore of the existing or new sheetpile wall are acceptable so long
as they do not attach to the existing or new sheetpile wall. Lifting Davits should be by
permit only as issued by the ODNR.

5.2.4 Non-Suspended Cantilever Docks

Non-Suspended Cantilever Docks are docks which have a pair of anchor blocks embedded
in the Dam crest and a structural steel frame that cantilevers out over the sheetpile wall
into the Lake. Lifting hoists are occasionally installed at the offshore end or along the
sides of the structural steel cantilever. Also, some of the cantilevers are supported with a
pile strut driven into the Lake bottom to resist a portion of the vertical load and decrease

the cantilever moment.

We have studied the design of this type of dock and have the following comments and

recommendations:

1. From a foundation engineering perspective, and excluding considerations of dam
safety, this type of dock is technically feasible. We would note that, depending on
the length of the cantilever, the location of the lifting hoists, the size of the boat,
and the use (or non-use) of a vertical pile strut, it may be necessary to found the
anchor blocks on piles. We suspect that none of the existing Cantilever Docks
include pile-supported anchor blocks.

2. From a dam safety perspective, we view Non-Suspended Cantilever Docks with

anchor blocks embedded in the crest as an “abuse” of the Dam much like a house
on the downstream slope, trees, etc. Therefore, this type of dock with its
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concrete anchor block foundations embedded in the crest is unacceptable. We list
below the following specific reasons:

e The anchor block encroaches on the integrity of the
Dam. The interface between the concrete and the
surrounding earth provides a preferred pathway for
seepage and piping to occur.

e Docks and foundations can cause difficulty in
performing inspections, maintenance, and remedial and
emergency repairs of the sheet pile wall.

e Many of the existing anchor block foundations attach to
the existing sheetpile wall, thus imparting a load to the
wall for which it was not designed. Also, the blocks
tend to increase the lateral earth pressure acting on the
sheetpile wall, thus increasing the stresses in the wall
and increasing the load in the tie-back anchors. These
blocks should be removed and the excavation backfilled
with impervious soil compacted to 95 percent of the
maximum dry density as determined with the Standard
Proctor method and within two percent of the optimum
moisture content on the wet side.

e Even if new blocks were to be constructed away from
the new wall and on piles, the potential for piping,
increased lateral earth pressures and increased anchor
forces still exist. Furthermore, the installation of piles,
either by driving or pre-drilling, can affect the integrity
of the new wall and the Dam. Piling also increases the
potential for piping at depths below the normal Lake
level.

8) It is our conclusion that while Non-Suspended Cantilever Docks are technically
acceptable from a foundation engineering perspective, particularly with pile
supported anchor blocks, they are not acceptable from a dam safety perspective.
Existing docks of this type should be removed from the Dam and no new
cantilever docks should be permitted.
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5.2.5 Suspended Cantilever Docks

The Suspended Cantilever Docks generally consist of a deck with the shore end supported
on the existing wall (and presumably on the new wall) and the offshore end supported by a
suspension cable tied to a vertical column inserted into the crest of the Dam. As the shore
end of this type of dock is supported on the wall and the vertical column penetrates the
Dam, we recommend that this type of dock be removed and prohibited in the future.

5.2.6 Boat Houses

Boat houses should be considered on a case-by-case basis, recognizing all of the
prohibitions and restrictions previously recommended. Quite frankly, we have difficulty
imagining how a boat house could be designed considering all of the above. Nevertheless,
we would reserve judgment until an actual design is presented to the ODNR for
permitting. Indeed , boat houses that penetrate or cut into the Dam embankment or attach
to the sheetpile wall should be removed and not permitted in the future.

53 NEW AND REMODELED STRUCTURES ON THE DOWNSTREAM SLOPE

As discussed in the context of this Report, we view the construction of homes and
buildings on the downstream slope and on the crest as an “abuse” of the Dam. Our
stability analysis indicates that the this type of construction impacts on the safety of the
Dam. but admittedly, the margin of safety against catastrophic stability failure for the as-
built construction for both the “Before” and “After” cases is satisfactory.

However, the most critical aspect of construction of these homes on the downstream slope
and crest is the period of time when the excavation is open and the basement walls are
being constructed. It is during this period of time that the Dam is most vulnerable to a
breach and/or piping. The entire Lake is in jeopardy, and therefore, construction should

be allowed to proceed only under the following conditions:

P Local authorities should be encouraged to designate the slope and crest on the
Dam as a Special Zone with respect to Building Permits and Building Regulations.
Local building inspection agencies should expect to incur increased costs to
monitor the construction in this Special Zone.

r1-5-951590/975-1 5-5 mz



2 All new construction on the slope and on the crest, other than landscaping, should
require a Special Building Permit based on drawings and specifications prepared
and stamped by a registered professional geotechnical engineer knowledgeable and
experienced in Dam construction, deep excavations, slope stability, and sheeting
and shoring.

3: All new excavations on the downstream slope and on the crest, other than that
associated with landscaping, should be temporarily shored using a design prepared
and stamped by a registered professional geotechnical engineer.

4. New foundations and basement walls should be cast in place reinforced or
reinforced concrete masonry units with vertical reinforcing steel placed in the voids
and horizontal reinforcing placed in the mortar joints between courses.
Foundations and basement walls should be designed by a registered professional
geotechnical engineer knowledgeable and experienced in Dam construction, deep
excavations, slope stability, and sheeting and shoring.

5. All excavation work and below-grade construction should be under the supervision
of a registered professional geotechnical engineer following a Construction Quality
Assurance (CQA) Plan approved by the local building authorities. The monitoring
should be on a full time basis during the time that the excavation is open. The
CQA Plan should include an emergency response plan in the event that breaching
or piping begins to occur or if a storm is predicted that will cause the Lake level to
rise significantly.

6. During construction of a basement excavation and basement walls, sand or sand
bags should be stockpiled on site as part of an emergency response plan to mitigate
the potential for a gross breach and/or piping failure.
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6.0 CONCLUSIONS

Considering the results of the work performed to date by others, the 1996 field
investigation and laboratory testing program, an extensive analysis of the properties of the
Embankment Fill and Foundation Till, and a comprehensive stability analysis, we conclude

the following:

e Based on the field observations, the relatively low head,
the long seepage paths, the age of the Dam and the
laboratory testing program, specifically, the properties
of the soils comprising the Embankment Fill, we
conclude that while there may be occasional zones of
localized seepage, there is no evidence to indicate that
raising the crest a few feet or a higher Lake level
associated with temporary storage of the PMF will lead
to a catastrophic piping failure.

e Raising the Dam crest a few feet and postulating a
higher Lake level to temporarily store a PMF will not
lead to stability failure of the downstream slope of the
Dam. This conclusion also applies to those sections of
the Dam where the downstream slope has been violated
with the emplacement of a structure.

e The stability of the downstream slope of the Dam (with
or without an emplaced structure) with the raised crest,
postulated PMF and downstream flooding is marginally
impacted, but still safe. This same conclusion applies
under a postulated earthquake condition.

e The factors of safety against stability failure reported
herein are substantially higher than those reported by
Dodson-Lindblom Associates (DLA, 1987) and W.S.
Gardner and Associates (WSGA, 1995). As all of
WSGA'’s work is based on soil properties and
assumptions regarding the phreatic surface reported by
DLA; one would expect their results to be practically
the same as reported by DLA. Our factors of safety are
higher for the following reasons:
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— Based on new laboratory test data, coupled with a
reinterpretation of previous data, we find the shear
strength available to resist catastrophic failure of the
Embankment Fill and the Foundation Till to be
higher than considered in earlier analysis.

— Based on new data obtained during this investigation
from sealed Piezometers and from laboratory tests
to measure permeability, we estimate that the
phreatic surface will be substantially lower under the
postulated PMF condition than considered in
previous analysis.

We observe that the Dam has been “abused” from the perspective that the downstream toe
has been excavated and replaced with structures and large trees have been permitted to
grow on the crest and on the slopes. We have extensive experience evaluating the stability
and safety of dams throughout the United States and, we find the “abuses” to the Buckeye
Lake Dam to be some of the worst ever witnessed. We make a series of recommendations
pertaining to these “abuses” as well as the matter of boat docks on the upstream side of
existing and new sheet pile walls. We also conclude and advise that while the popular
Non-Suspended Cantilever Docks are technically acceptable from a foundation
engineering perspective, particularly with pile supported anchor blocks, they are not
acceptable from a dam safety perspective. Existing docks of this type should be removed
from the Dam and no new Cantilever Docks should be permitted.

r1-6-951590/97 6-2 m



Finally, we conclude that there is no reason, from a geotechnical engineering perspective,
why the proposed Phase III Remediation Plan should not proceed following the normal
practice of engineering and construction for dams, including a comprehensive quality
control/quality assurance program.

Respectfully submitted,
aul C. Rizzo Associates

r. Paul C. Rizzo, P.E. R
Principal-in-Charge

L4 Qe

Richard A. Isaac, P.E.
Project Manager

PCR/mfs
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TABLE 2-1
SOIL SAMPLES SUBMITTED FOR LABORATORY ANALYSES
BUCKEY LAKE DAM STABILITY STUDY
DNR 736 730-96-034

BORING SAMPLE NATURAL ATTERBERG SIEVE HYDROMETER ASTM LABORATORY | PERMEABILITY | TRIAXIAL SHEAR
D NO. MOISTURE LIMITS ANALYSIS CLASSIFICATION | DESCRIPTION STRENGTH
BIA-1B 4 X X X X X X
6 X
7 X X X X X X
9 X
Bl1A-2 3 X
5 X X X X X X
7 X
8 X X X X X X
BIA-3 3 X X X X X X
X X
X X
B2A-1B 2 X
3 X
4 X X X X X X
8 X X X X X X
X X
X X
B2A-2 2 X
4 X X X X X X
5 X X X X X X
X X
B2A-3 2 X
3 X X X X X X
4 X
5 X X X X X X
B3A-1B 1 X X X X X X
3 X
4 X X X X X X
5 X
B3A-2B 3 X
5 X X X X X X
6 X
7 X
9 X X X X X X
X X
B3A-3 4 X X X X X X
6 X X X X X X
B4A-1B 3 X
5 X X X X X X
6 X
8 X
9 X X X X X X
X X
B4A-2 2 X X X X X X
3 X
6 X
X X
B4A-3 2 X
4 X X X X X X
5 X
6 X
7 X X X X X X
B5A-1B 4 X X X X X X
5 X
6 X
i X X X X X X
8 X
9 X X X X X X
BSA-2 4 X
3 X X X X X X
8 X X X X X X
9 X
BSA-3 X X
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TABLE 2-2
SUMMARY OF DISTURBED SOIL SAMPLE LABORATORY RESULTS
BUCKEYE LAKE DAM STABILITY STUDY
DNR 736 730-96-034

NATURAL USCS
BORING | SAMPLE | SAMPLE | BLOW [ATTERBERG LIMITS| MOISTURE GROUP
NO. NO. DEPTH | COUNTS CONTENT SYMBOL
(N) LL | PL [ PI (%)
SECTION 1A
BlA-1B 4 6.0-8.0 4 34 18 16 30.8 CL
6 10.0-12.0 5 224
7 12.0-14.0 32 25 16 9 13.7 CL
9 16.0-18.0 20 12.3
BlA-2 3 4.0-6.0 12 25.6
5 8.0-10.0 12 31 18 13 19.7 CL
7 12.0-14.0 4 283
8 14.0-16.0 20 24 17 7 15.6 ML/CL
B1A-3 3 4.0-6.0 5 NP | NP | NP 16.9 SM
SECTION 2A
B2A-1B 2 2.0-4.0 6 133
3 4.0-6.0 3 23.9
4 6.0-8.0 s 35 17 18 20.7 sC
8 14.0-16.0 3 32 19 13 283 CL
B2A-2 2 2.0-4.0 5 283
4 6.0-8.0 S 30 17 13 21.5 sC
s 8.0-10.0 5 32 18 14 22.5 CL
B2A-3 2 2.0-4.0 4 26
3 4.0-6.0 5 30 21 9 327 CL
4 6.0-8.0 5 27.8
s 8.0-10.0 6 28 22 6 25.1 ML/CL
SECTION 3A
B3A-1B 1 0.0-2.0 4 38 21 17 37 CL
3 14-16 s 289
4 16-18 7 38 18 20 27.8 CL
s 18-20 7 33.1
B3A-2B 3 4.0-6.0 6 21.9
5 8.0-10.0 10 42 19 23 22.7 CL
6 10.0-12.0 6 24.6
7 12.0-14.0 6 29.1
9 16.0-18.0 5 34 16 18 26.5 CL
B3A-3 4 6.0-8.0 11 37 19 18 24.4 CL
6 10.0-12.0 9 45 19 26 25.4 CL
SECTION 4A
B4A-1B 3 4.0-6.0 12 22.1
5 8.0-10.0 4 35 19 16 29.8 CL
6 10.0-12.0 5 36.1
8 14.0-16.0 3 279
9 16.0-18.0 6 35 18 17 CL
B4A-2 2 2.0-4.0 7 43 21 22 23 CL
3 4.0-6.0 13 226
6 10.0-12.0 23 18.9
B4A-3 2 2.0-4.0 5 27.7
4 6.0-8.0 15 42 22 20 26.3 CL
5 8.0-10.0 17 25.2
6 10.0-12.0 9 28.2
7 12.0-14.0 6 36 18 18 CL
SECTION SA
B5SA-1B 4 6.0-8.0 16 19
5 8.0-10.0 8 38 17 21 27.7 CL
6 10.0-12.0 8 35.5
7 12.0-14.0 5 48 17 31 353 CL
8 14.0-16.0 4 27
9 16.0-18.0 10 27 15 12 15.6 CL
BSA-2 4 6.0-8.0 8
5 8.0-10.0 11 32 17 15 18.5 CL
8 14.0-16.0 8 36 17 19 25.2 CL
9 16.0-18.0 11 33 22 11 25.7 CL
NOTES:

NP = NON-PLASTIC
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Table 2-3
UNDISTURBED SOIL PERMEABILITY
BUCKEYE LAKE DAM STABILITY STUDY

DNR 736-730-96-034

Boring No.| Sample No. | Soil Material | Depth (ft)| Permeability, k (cm/sec)

B1A-3 ST-2 Till 2-45 3.7x10°

B2A-2 ST-3 Fill 4-6 6.5x107

B4A-2 ST-5 Till 8-10 7.7x10°%

B5A-3 ST-3 Till 45-7 3.7x10"7
ft - Feet

cm/sec - Centimeters per Second
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Table 4-3
SOIL STRENGTH PARAMETERS
BUCKEYE LAKE DAM STABILITY STUDY
DNR 736-730-96-034

SOIL C' (tsf) ' C (tsf) )
Fill 0.16 7.3° 0.16 8.0°
I Til 0.70 5.4° 0.65 5.8°

C' - Cohesion (effective)

¢' - Angle of Internal Friction (effective)
C - Cohesion (total)

¢ - Angle of Internal Friction (total)

tsf - Tons per Square Foot

° .- Degrees
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WPWVED BY:. fd o L
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PLAN AND. LOCATION OF
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PLOT 1=1

NORTHWEST

SOUTHEAST

Paul C Rizzo Associates, Inc.

DRAWN BY:

205 —bm— ——— —) - —————————— — —_— — — - - — BOS
902.5 |— —|{ 902.5
B4A—1A
900 |— — 900
0 B4A—1B SAND, TRACE TO SOME
B4A—2 ILT, TRACE CLAY, DARK
—r— BROWN, LOOSE, SP)
8975 |— — 897.5
Ba4A-S
SHEET PILE
895 [— W — 895
s—-1
— N=18
B82.511= APPROXIMATE EXISTING — g St Lk R R N mifel - W ggpna | 8925
GROUND SURFACE mi/el N
5-2
N=7
890 [— < (o4 FILL — 890
o SILTY CLAY, TRAGE TO SOME SAND s-3 [
e s D GRAVEL, DARK GRAY TO BROWN, N=12 B
N3 VERY SOFT TO VERY STIFF, SC TO CL. mi
. s-2 - g LAYERS OF SILTY SAND AND GRAVEL z
8857_5_ C . .N=m|._/,/ R e PP L A — TR e P A IN- SGME -PLACES.) = “DRY (BAA1A) —887.58
< PROJECTED GROUND SURFACE: ~HiE . |V <ssebd <
g - 5-3 SHELBY TUBE s i 5
o - et (NO RE o
— — — —— — — — —
P o 885
885 }— - S S . » . :a o L =d 3 b
5 T SHELBY TUBE T mifel (CL)
] = S—4 S
P == N=15 INTERPRETED ORIGINAL — T
= P ey e e St ] ——— mi/sm (CL) GROUND SURFACE i S-6
o = S-6 aar— N=5
882.5 |— . N=23 A ¢ aa . mi/cl - —{ 8825
5-5 |2 o € = 8
N=17 - = 9
m - 5—7
el TILL SHELBY TUBE
860 s =i OB Wlaee e “ " (SILTY ‘CLAY, TRACE FINE SAND wwiskienr — 880
m == e AND ROCK FRAGMENTS,
T ORANGE—BROWN TO GRAY, 'S—g
PRy B INTERPRETED MOTTLED IN PLACES, SOFT TO N
e — R — — — == . Fratd PHREATIC SURFACE HARD, CL)
877.5 |— K ety T e | P LY L P S nl/fel (CL) I i e N AT e el ] WAL A AR TR s e w v (e B S : -S.—é — 8775
N=8
mifel (CL)
S-10
[T I ————— | ] A T e TR R R R e e e s LR AV RS S - N=mS - —{ B75
ml
8725 |— —| 8725
s7o L — 1870
STA. 153430
LEGEND:
SCALE
S—1 SAMPLE NO. — y
N=5 STANDARD PENETRATION TEST "N 25 0 2.5 5 FEET
mi/cl FIELD DETERMINED U.S.C.S. CLASSIFICATION
(cLv LABORATORY DETERMINED U.S.C.S. CLASSIFICATION
STATIC WATER LEVEL (OCTOBER 10, 1996)
v LESS THAN SYMBOL (<) AND ELEVATION
= INDICATE POROUS STONE BOTTOM ELEVATION
PIEZOMETER MONITORED INTERVAL
(INCLUDES SAND PACK LENGTH
ABOVE AND BELOW POROUS STONE)
STATE of OHI11O BUCKI:YE LAKE STATE PARK DEBIGNED BY: JOB NUMBER: DN_R“?_SB 730-86-034
RESOURCES D. 1. DOBIES SCALE: A8 SHOWN m
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DEPARTMENT OF NATURAL

DAM STABILITY STUDY
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DIVISION OF ENGINEERING

FAIRFIELD, LICKING AND PERRY COUNTIES, OHIO

cHECKED BY: /47

APPROVED BY: S i~

TDATE: 6-28-88
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PLAN AND LOCATION OF
SECTION 5A




g5—-1590-E20

PLOT 1=1

NORTHWEST

SOUTHEAST

905 - e —r— — 905
902.5 [— —{ 902.5
165425 B5A-1A
900 |— — 900
BSA-1B
_SHEET .PILE 2 szt
B97.5 [— i 897.5
BO5 (= & 5 SIKmR SR IS et ki - BSA=3. EA e ety FILL T (SILTY SAND, ‘SOME CLAY," —] 898
§-1 TRACE GRAVEL, BROWN,
Heedt (SILTY CLAY, TRACE TO SOME EDIUM STIFF TO STIFF, SM)
| SAND AND GRAVEL, DARK GRAY
s2 | TO SEROWN. VERY soLrAT TO VERY
L it st e e G S e e 5 4 84 a8 4R b A it B 1 A Tia e wfF e Ao TR o e e [ R AR ik .| .. STIFF, SC.TO CL. LAYERS OF — . —| 8a25
892.5 H=0' |7 SILTY SAND AND GRAVEL IN st A T
SOME PLACES.)
5-3 e B
APPROXIMATE EXISTING vty (T | NN N i | -
. 890 |— " GROUND "SURFACE -
B ¢
= z
S 887.5 o i s A R T T R SR el SRS R D e e o s« | et s v A A LR RS R s st s s g s s ) e e TS it e e e T covo« —1 B87.5 'C:)
g | s
INTERPRETED ORIGINAL N ORY  5-5|¥ ggp,

@ GROUND SURFACE mi/el (cL) DRY W Sks g5 Nog [= o000 E
. V¥ <885.18 et =  mifel (cL) o
L S R T A e e T e i R e R R e S R LR A AR R S e R e L SRO LSS LA DO AL R RE A, P s s s s e adeaalsnssalda .s._.s.ﬁ.lg.‘_‘___\-v.-?'. =) v . I AL ) ? » e . PR .. — B85

5—3 i TN=16 TILL N
—_ NO RECOVERY N=8
SHELBY TUBE 08292 . i (SILTY CLAY, TRACE FINE SAND o
__BX— AND ROCK FRAGMENTS, -
882.5 |— et = . 5-7 ORANGE~BROWN TO- GRAY, o —] 8825
. e I N=13 INTERPRETED N=8 MOTTLED IN PLACES, SOFT TO SS
iy == o PHREATIC SURFACE . oL 7
- et T i
B80! B e tn gt b - s e '? Fi—=spopia ) T B R R R clfmt ey | v — 1 880
" s
T 5-9
Ne=11
mifel (CL)
B77.5 feiainii s 390 S ST 1 B de ¢S TR SR e et e gl e e € W R W - : i B - — 8775
SHELBY TUBE §-10
NeB
sp to ci
875 |— — Bty ---- —1 875
B72.5 B oy amis e e e Y b WA e LT D ST VNGRS LT T e ettt w4 @ S BN 06 e DN 06 ¢ @ £ SRS 4 e R SR LS TN ¥ T T I S YT T —1| a72.5
870 L —1 870
STA. 199+80
LEGEND: SCALE
= SIS 2.5 0 2.5 5 FEET
N=5 STANDARD PENETRATION TEST "N
mi/cl  FIELD DETERMINED U.S.C.S. CLASSIFICATION
(cv) LABORATORY DETERMINED U.S.C.S. CLASSIFICATION
STATIC WATER LEVEL (OCTOBER 10, 1986)
v LESS THAN SYMBOL (<) AND ELEVATION
= INDICATE POROUS STONE BOTTOM ELEVATION
PIEZOMETER MONITORED INTERVAL
(INCLUDES SAND PACK LENGTH
ABOVE AND BELOW POROUS STONE) FIGURE 2—11
: : STATE of OHIO BUCKEYE LAKE STATE PARK DESIONED BT 108 NUMBRR: DNR T30 #0008 |
Paul C Rizzo Associates, Inc. DRAWN BY: D J, DOBIES SCALE. A3 SHOWN
IX,\'Q DEPARTMENT OF NATURAL RESOURCES | ppM STABILITY STUDY DAM CROSS SECTION 5A

4605 HILTON CORPQORATE DRIVE
COLUMBUS, OHIO

CHECKED BY: A77#7. | DATE: &-20-98
DIVISION OF ENGINEERING FAIRFIELD, LICKING AND PERRY COUNTIES, OHIO ;,Im,;u"g,,_‘ép;éﬁ e e ]




95-1590—-E26

PLOT: 1=1

SHEAR STRESS (tsf)
N

NORMAL STRESS (tsf)

MOHR CIRCLES

EMBANKMENT FILL — EFFECTIVE STRESS PARAMETERS

SHEAR STRESS (tsf)
N

NORMAL STRESS (tsf)

MOHR CIRCLES

EMBANKMENT FILL — TOTAL STRESS PARAMETERS

SHEAR STRESS (tsf)
N

F

SHEAR STRESS (tsf)
N

ATl Tl

I 1 T I

3 4 5 6

NORMAL STRESS (tsf)

MOHR CIRCLES
= T

NORMAL STRESS (tsf)

MOHR CIRCLES

FIGURE 4-1

R

Paul C Rizzo Associates, Inc.

4605 HILTON CORPORATE DRIVE
COLUMBUS, OHIO

STATE of OHIO
DEPARTMENT OF NATURAL RESOURCES
DIVISION OF ENGINEERING

BUCKEYE LAKE STATE PARK
DAM STABILITY STUDY

FAIRFIELD, LICKING AND PERRY COUNTIES, OHIO

DESIGNED BY: JOB NUMBER: DNR Y28 V30-08-034
DRAWN BY: D. J. DOBIES SCALR: AS SHOWN

CHECKED BY: DATE: 10-30-908

APFROV—ED‘ BYI [.:“-._. | revisED:

MOHR CIRCLES




895—1590—-E27

PLOT 1=1

WEST

EAST

905 905

902.5 +— —| s02.5

B1A—1A
900 |— — 00
sBrA=2)
B1A-18
897.5 |— - —| 8975
FAILURE SURFACES S
WALL
895/ frzatimn satine i N aai e e w g mFlaie s T B s F Gl AT A O T T RSN LN N R R 8 S ST Y TN T N N 1 v R T S R R R S SR s e R T e e — 895
i FILL s
5-2 SILTY LAY, TRACE TO SOME SAND  mi/cl
N=10 D GRAVEL, DARK GRAY TO BROWN,
892.5 {— R ol * WERY' SOFT- 10 -VERY- STIFF, SC TO' CL. - — 8925
APPROXIMATE EXISTING LAYERS OF SILTY SAND AND GRAVEL 5-2 —
GROUND SURFACE = IN SOME PLACES.) 7o
E
890 — - = 890
] = [
W — )
[ =i [’
. = E S-4 .
z = " N=4 z
R Tl e e e e DT PP PR RS R R R R R PSS e SRR R RS S EER S Rt B R e S5 é ................ L W O ‘mifel ‘(CL) 887.5 O
E SHELBY TUBE (SAND, TRACE TO SOME N=12 B 73
s SILT, BROWN, LOOSE, su)_\ mi/el (L) |5 s 3
4 885.70 N=6 |
u o =P — i ¥ = mi/el 1 w
T T S ATy R I g T T T B L T S s A AL e R AR R R U ol {SM) . / IIIIII | '? —1 885
5-6 .
INTERPRETED | N=5
S PHREATIC SURFACE - mi/cl
862.5 ’ : B e 882.5
S = (SILTY CLAY, TRACE FINE SAND $-7 I
. 4 AND ROCK FRAGMENTS, o2
S-5 S-8 ORANGE—BROWN TO GRAY, mi/el (CL)
N=14 Ne20 MOTTLED IN PLACES, SOFT TO |
C el/ml (ML/CL) cL) s—8
BB0 Lsriwa e sd W aiTa e d e R S SR e BT B8R (S e A R I TR AT e e e e T e e M 0T A s 8 e V(Y e e e AT, B e e e e SRy T R e SR Sy - . Na18 —| 880
T mi/ct
$-9
N=17
sc/ml
B77.5 Fsiin o eigio,x 500 TNisin SUR M0 ATDS g W L A e S AW W e BT 8 W @ v e aTei e e F e o'eTh R HI el aated waale R S e HERN Mos regsiaronsiiie — 877.5
N=17
=11
875 |— S —| 875
mi
) (SAND AND GRAVEL, TRACE TO S
SOME SILT AND CLAY, GRAY,
LOOSE, GM TO GC)

8725 |— : : — 8725
870 870
LEGEND: STA. 50+25

s—1 SAMPLE NO.

SCALE

N=5 STANDARD PENETRATION TEST “N’ =

mi/cl  FIELD DETERMINED U.S.C.S. CLASSIFICATION 25 0 2.5 5 FEET

(cv LABORATORY DETERMINED U.S.C.S. CLASSIFICATION

STATIC WATER LEVEL (OCTOBER 10, 1996)
A4 LESS THAN SYMBOL (<) AND ELEVATION
= INDICATE POROUS STONE BOTTOM ELEVATION
PIEZOMETER MONITORED INTERVAL
(INCLUDES SAND PACK LENGTH
ABOVE AND BELOW POROUS STONE)
. ., STATE of OHI1IO BUCKEYE LAKE STATE PAR DESIGNED BY: JoB NUMBER: DNR 738 730-86-034 n
Paul C Rizzo Associates, Inec. DEPARTMENT OF NATURAL RESOURCES s DRAWN BY. . DodiEs TR FAILURE SURFACES - (BEFORE) i)
4605 HILTON CORPORATE DRIVE DAM STABILITY STUDY CHECKED a-20-98 NORMAL LAKE LEVEL ELEVATION 892.25 @
COLUMBUS, OHIO DIV'S'ON OF ENGIN EER'NG FAIRFIELD, LICKING AND PERRY COUNTIES, OHIO EVISED- — DAM CROSS SECTION 1A




95—-1590~-E32

PLOT 1=1

WEST

EAST

905 905
902.5 |— —{ 902.5
B1A-1A
PROPOSED
SHEET PILE
WALL
900 — (APPROXIMATE —{ 900
B1A-2 LOCATION FOR
= PROPOSED FILL ILLUSTRATION
= PURPOSES
B1A-18 ONLY)
897.5 [— o —| 897.5
SHEET PILE
FAILURE SURFACES WALL
895 (— 4t —| 895
Bl1A-3 FILL
NeiD SILTY CLAY, TRACE TO SOME SAND
892.5 |— . o m AND " GRAVEL, DARK GRAY' TO BROWN, - 892.5
APPROXIMATE EXISTING VERY SOFT TO VERY STIFF, SC 10 CL.
GROUND SURFACE LAYERS OF SILTY SAND AND GRAVEL
IN SOME PLACES.)
800 |— : ok - 890
] /’/N?:T &
n i/l NtoTAL s ¥
z ] F-S-( =.4.0 5-5 el Net z
O BB7:S | ronssiasisnseisines ek ananesni sy essmy Lae p ke nrey vy e s-2 1 - i SAND, TRACE -TO SOME INTERPRETED- ORIGINAL" “mi7dl (CL; 8875 O
g SHELBY TUBE SILT, BROWN, LOOSE, SM) T R ORICINAL Sl Iv(GL) 2
E Q— _?_-_— ?— ~ Simmmcta - i - - $-5 L>|..I
BB5.70 N=6 ~
2 BT 3 | 3
885 |— ol {54). * -+ INTERPRETED — 1 ] —1 885
PHREATIC SURFACE s !
N=5
S—4 En mi/cl
SHELBY TUBE N=4 TILL
862.5 | — T (SILTY CLAY, TRACE FINE SAND =7 =7 8825
4 AND ROCK FRAGMENTS, N=32
5-5 2.4 ORANGE—BROWN TO GRAY, mi/el (CL)
Me14 N=20 MOTTLED IN PLACES, SOFT TO |
cf cl/ml (ML/CL) HARD, CL) S-8
880 |— v e jaiu LA B . N=18 . cee.... —| BBO
i mi/cl
S$-9
N=17
sc/ml
877.5 |— a3rq oz reme e 206 —| 877.5
17
875 [— Py —| 875
mil
i (SAND AND GRAVEL, TRACE TO i
SOME SILT AND CLAY, GRAY,
LOOSE, GM TO GC)
8725 |- . —] a725
870 870
SECTION 1A
LEEND: STA. 50+25
s-1 SAMPLE NO.
SCALE
N=5  STANDARD PENETRATION TEST "N
mi/c!  FIELD DETERMINED U.S.C.S. CLASSIFICATION 2.5 Y 25 DAEEET
(CL)  LABORATORY DETERMINED U.S.C.S. CLASSIFICATION
STATIC WATER LEVEL (OCTOBER 10, 1996)
v LESS THAN SYMBOL (<) AND ELEVATION
= INDICATE POROUS STONE BOTTOM ELEVATION
PIEZOMETER MONITORED INTERVAL
(INCLUDES SAND PACK LENGTH
ABOVE AND BELOW POROUS STONE)
FIGURE 4-3
. r STATE of OHIO BUCKEYE LAKE STATE PARK 'DESIGNED BY: JOB WUMBER: DNit 736 730-86-034 _
Paul C Rizzo Associates, Inc. DEPARTMENT OF NATURAL RESOURCES bRawN Y. D7 DoniEs AT FAILURE SURFACES — (AFTER)
4605 HILTON CORPORATE DRIVE s DAM STABILITY STUDY “CHECKED BY; 7, DATE:  6-20-00 =] PMF ELEVATION 897.0
COLUMBUS, OHIO DIVISION OF ENGINEERING FAIRFIELD, LICKING AND PERRY COUNTIES, OHIO wrioven o A | e DAM CROSS SECTION 1A




895-1950—-E28

PLOT 1=1

ELEVATION, FEET

WEST EAST
905 —— =
9025 t— — 9025

Baa-2 B2ASIB
900 |— OYROT —{ 900
APPROXIMATE EXISTING T
FAILURE SURFACES GROUND SURFACE
SHEET PILE
e s WALL .. | -
895 [— ; ,< —| 895
EFFECTIVE

8925 I—

FILL

’S‘SILTY CLAY, TRACE TO SOME SAND
D GRAVEL, DARK GRAY TO BROWN,
VERY SOFT TO VERY STIFF, SC TO CL.
LAYERS OF SILTY SAND AND GRAVEL
IN SOME PLACES.)

2 v sme ooy oW gy e 802.5

5-1 LALESS),
N=5 e =
80 b— oo mi R L e, PO R FT PSP SR, o o — 72 AR NG — B e, SN T e R o PSRRI EASELPE FIT, (A PN P MU TN —{ 890
= A== "
ml_!__Em.- —_— sm/ml (SC) -
= il INTERPRETED ORIGINAL -
HB7.5 B v haie vl il A .- INTERPRETED —" i ot - GROUND: SURFACE T, o — 8875 Z
P - PN AR R e (SILTY, SAND TO SANDY SILT, <]
NeG am/e0 (G SOME CLAY, TRACE GRAVEL, TAN- [
mi {cL) N=4 BROWN, VERY SOFT TO SOFT, <
i TILL mi/el SM TO ML) é
o (SILTY - GLAY, TRAGE FINE SAND T — 8ss "
AND ROCK FRAGMENTS, 5-6
ORANGE—BROWN TO GRAY, N-4|
MOTTLED IN PLACES, SOFT TO <
HARD, CL) il I}
s-7
882.5 |— G &7 —| 8825
mi/cl
S-B
N=
880 |— - i (oD —| 880
so = (SAND, SOME GRAVEL, GRAY, LOOSE)
N=3
mi/cl
8775 }— - ke sesssarsesasarssss =t BFI7H
875 |— T —| 875
8725 |— . —] 872.5
70 L —_ls7
STA. 64+25
LEGEND:
SCALE
51 SAMPLE NO.
N=5  STANDARD PENETRATION TEST "N’ 259 ¢ 235 ONEEET
mi/cl  FIELD DETERMINED U.S.C.S. CLASSIFICATION
(cv) LABORATORY DETERMINED U.S.C.S. CLASSIFICATION
STATIC WATER LEVEL (OCTOBER 10, 1996)
A A LESS THAN SYMBOL (<) AND ELEVATION
= INDICATE POROUS STONE BOTTOM ELEVATION
PIEZOMETER MONITORED INTERVAL
(INCLUDES SAND PACK LENGTH
ABOVE AND BELOW PQROUS STONE)

E o

Paul C Rizzo Associates, Inc.
4605 HILTON CORPORATE DRIVE

COLUMBUS, OHIO

STAT f OHIO
DEPARTMENT OF NATURAL RESOURCES
DIVISION OF ENGINEERING

BUCKEYE LAKE STATE PARK
DAM STABILITY STUDY

FAIRFIELD, LICKING AND PERRY COUNTIES, OHIO

DBSIGNED BY: 0B NUMBER: DNR 738 730-86-034
DRAWN BY: _ D. 4, DOBIES SCALE: AS SHOWN

CHECKED BY: Az” /% DATE: 6-26-90

APPROVED BY: A%7/. - REVISED '_' -

NORMAL LAKE LEVEL ELEVATION 892 25

FAILURE SURFACES — (BEFORE)

DAM CROSS SECTION 2A
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PLOT 1=1

ELEVATION, FEET

WEST EAST
905 —— — 905
902.5 |— ‘e -~ PROPOSED - - . — s025

B2A— —18 SHEET PILE
1024523 WALL
(APPROXIMATE
o oS TRATION. 500
| IR S S Y B S 3 e e e e MNP AT S TR et oo e e | Ve S ey o e e T I QTRATI Ot S =
PURPOSES
FAILURE SURFACES e e PROPOSED FILL AV
SHEET PILE
897.5 |— - B2A-D T e I L e eI i e Vi WAL —{ 897.5
) ORISR SN SRS NN, B FRNEOICST £ LIS R e . —| ass
SILTY CLAY, TRACE TO SOME SAND
D GRAVEL, DARK GRAY TO BROWN,
F.S. = 4.07 VERY SOFT TO VERY STIFF, SC TO CL.
BO25 | rrerrr sy e e - ‘EFFECHVE - ‘W pozig - —| 8925

S=1
N=6
ava aKOL ok & waaeeTarale s % L e BBIBT . ... AU PUPRRR TPty - = - — = il TP = Kt dh Pl i AR B A T e SRR FEPI SR T SR TR R B SR ... —i B9O
PR N _/ s-4 5
R §-2 . -
=T Nes | 58830 INTERPRETED am/ml (SC) ]
e m = PHREATIC SURFACE INTERPRETED ORIGINAL- =
BBRBZE =+ i iaiin i i . s_3-.-- .................................. ﬁ;g vaasns GROUND-SURRACE: - « v+ vm s v s iadansevasanivaanserasaare SIL‘I’Y, SANbTO SANDY SIH:_'I." .................. —{ 887.5 g
N am/ae (CL) s-8 SOME CLAY, TRACE GRAVEL, TAN— E
mi (cL) N=4 BROWN, VERY SOFT TO SOFT, E
TILL mi/e) SM TO ML) 4
=] w
S e B R R R IR T R Rt R BRI R R R ewns s« (SILTY. CLAY, TRAGE FINE SAND + = s s s s s v s sm st s v nsvsnn - P S RS ES Sly Sl S /g S e S sle s 'sia aa e e
8es S RO FRAGHENTS, 56 .
ORANGE—BROWN TO GRAY, N=4
MOTTLED IN PLACES, SOFT TO
HARD, CL)
S
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